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EXECUTIVE  SUMMARY 


EXECUTIVE  SUMMARY 

This  study  of  the  Regional  Municipality  of  Hamilton-Wentworth's  Woodward  Avenue 
Water  Treatment  Plant  was  conducted  under  the  Water  Plant  Optimization  Program 
of  the  Ontario  Ministry  of  the  environment.  Included  in  this  project  were  reviews  of 
three  years  of  plant  operating  and  laboratory  data,  and  an  assessment  of  present 
conditions  with  emphasis  on  particulate  removal  and  disinfection.  Details  of  the  raw 
water  source,  flow  measurement,  process  components,  plant  operation  and  plant 
perfomiance  form  the  body  of  the  report.  The  appendices  contain  the  laboratory 
and  plant  data  for  1984  to  1986.  the  results  of  jar  test  perfomied  dunng  this  study, 
samples  of  daily  and  monthly  logs  kept  at  the  water  plant  and  a  report  on  plant 
waste  generation  and  disposal. 

The  Hamilton-Wentworth  Water  Treatment  Plant  employs  ti-eatment  Process  witii 
coagulation,  sedimentation  and  filtration.  Disinfection  is  achieved  with  tine  addition 
of  chlorine  prior  to  featment;  following  filti-ation  ammonia  is  added  to  cha^SJ  tfie 
form  of  chlorine  from  free  to  combined.  The  plant  has  the  capacity  to  feat  873.000 
mJday  and  rt  serves  a  population  of  385.000  in  Hamilton.  Ancaster,  Dundas,  Stoney 
Creek  and  Waterdown.  To  save  on  electricity  costs,  the  plant  operates  only  at  night 
on  weekdays  and  24  hours  per  day  from  Friday  night  to  Monday  moming. 

The  treated  water  is  generally  of  very  high  qualrty.  With  respect  to  peculate 
removal  the  average  ti-eated  water  turbidity  for  tine  study  penod  (1984-1986)  was 
0  38  NTU  The  bacteriological  quality  of  tiie  water  is  also  good;  no  positive 
presence-absence  test  results  were  reported  and  no  total  plate  count  result 
exceeded  500  organisms/ml  in  the  study  months.  _ 

The  staff  of  the  Region  are  interested  in  optimizing  the  plant  performance  and  in  the 
past  several  studies  to  investigate  performance  improvement  methods  have  been 
initiated  Some  of  the  recommendations  in  this  report  have  been  acted  upon  since 
the  start  of  the  study.  The  following  is  a  summary  of  the  recommendations: 

1.  Row  measurement  Assess  the  need  to  improve  tiie  accuracy  of  the 
flow  measurement  devices. 

2.  Coagulant  addition:  Establish   a  jar  test   procedure   to   determine 
coagulant  addition. 

3.  Streaming  current  detectors:        Investigate  further  the  potential  of  sti-eaming 
current  detectors  to  optimize  coagulation. 

4.  Laboratory  reporting:         Improve  tiie  reporting  system  to  make  tine  data 
more  available  for  review  and  evaluation. 


5.  Routine  laboratory  analysis:         Review  the  routine  analyses  in  terms  of 
usefulness  and  necessity. 

6.  Chlorine  residual  measurement   Develop  a  data  base  of  the  form(s)  of  the 
treated  water  chlorine  residual. 

7.  Raw  water  sample  line:      Determine  If  changes  in  water  quality  occur  in  the 
laboratory  raw  water  sample  line,  and  if  so  increase  the  water  velocity. 

8.  Maintenance/Operations  responsibilities:  Review  the  policy  prohibiting 
operations  staff  from  calibrating  instruments. 

9.  Consumer  complaints:       Set  up  a  recording  and  mapping  system  for 
consumer  complaints  in  order  to  recognize  trends. 

1 0.  Operating  schedule:  Review  the  cun-ent  "stop/start"  operating  schedule. 


INTTRODUCnON  &  TERMS  OF  REFERENCE 


INTRODUCTION  AND  TERMS  OF  RFFFRFNr.F 

The  Ontario  Ministry  of  the  environment  has  established  two  co-ordinated  programs  for 
the  study  of  drinking  water  treatment  in  Ontario.  The  Drinking  Water  Surveillance 
Program  is  a  continuously  updated  base  of  information  on  the  water  plant  facilities  and 
monthly  analysis  of  raw  and  ti-eated  water  quality.  Each  plant  in  the  Surveillance  Program 
is  also  part  of  tiie  Water  Plant  Optimization  Study.  The  purpose  of  ttiis  study  is  to 
"document  and  review  the  present  conditions  and  detennine  an  optimum  ti-eatinent 
sti-ategy  for  contaminant  removal  at  tiie  plant,  with  emphasis  on  tfie  removal  of  particulate 
materials  and  disinfection  processes." 

To  tills  end,  a  protocol  and  terms  of  reference  were  prepared  for  tiie  Plant  Consultants. 
Each  stijdy  consists  of  eight  wori<  tasks  which  include: 

•  documentation  and  review  of  tfiree  years  of  water  plant  and  laboratory  data 

•  assessment  of  plant  operations  and  efficiency  in  particulate  removal 

•  assessment  of  disinfection  practices 

•  possible  short  and  long-term  process  modifications  to  obtain  optimum 
water  quality 

The  Woodward  Avenue  Treatinent  Plant,  located  on  Woodward  Avenue  in  Hamilton, 
draws  water  from  Uke  Ontario  soutiieast  of  tiie  outiet  from  Hamilton  Harbour.  The  water 
is  ti-eated  and  supplied  to  a  population  of  approximately  385.000  in  Hamilton.  Ancaster. 
Dundas.  Stoney  Creek  and  Waterdown.  A  water  supply  facility  has  been  located  on  the 
site  since  1859.  The  Region  also  operates  seven  wells  which  senses  Greensville.  Cariisle, 
Freelton  and  Lynden.  These  water  systems  are  not  part  of  tiiis  study. 


The  operating  schedule  of  this  plant  is  unusual;  in  order  to  reduce  hydro  costs,  the 
Hamitton-Wentworth  Water  Plant  operates  only  at  night  during  the  week.  In  Hamilton, 
Hydro  experiences  two  peak  demand  periods  Monday  to  Friday,  one  at  approximately 
0800h  and  another  at  approximately  1800h  and  shuts  down  at  0745  Monday  to  Friday; 
it  operates  continuously  from  Friday  evening  through  to  Monday  morning. 

To  evaluate  conditions  at  the  plant  water  quality  and  quantity  data  from  the  years  1984, 
1985  and  1986  have  been  used  in  this  study.  Daily  values  of  chemical  dosages  and 
water  quality  measured  at  the  water  plant  were  available  in  the  form  of  monthly 
summaries.  However,  the  raw  and  treated  water  quality  data  from  the  Hamilton- 
Wentworth  Regional  laboratory  was  listed  on  individual  daily  sheets  and  It  was  not  in  a 
readily  useable  form.  No  daily,  monthly  or  yearly  summaries  were  available.  Three 
representative  months  of  data  from  each  year  were  used  to  cover  the  major  seasonal 
conditions.  The  months  selected  for  this  purpose  were  Aprils  July  and  December, 

The  Hamilton  water  plant  consists  of  two  separate  treatment  modules  (see  Rgure  1). 
Each  module  is  a  complete  treatment  system  which  can  be  operated  independentiy.  The 
treated  water  from  both  modules  is  mixed  in  the  dearwells  which  are  connected.  Module 
1  is  located  on  the  west  side  of  the  plant  and  includes  filters  1  to  12.  Module  2  is  on  the 
east  side  and  Includes  filters  13  to  24. 

Figure  2  is  a  site  plan  of  the  water  treatment  plant  The  low  lift  station  is  located  adjacent 
to  the  lake.  From  there,  the  water  is  pumped  approximately  550m  under  the  Queen 
Elizabeth  Way  highway  to  the  treatment  plant  The  Woodward  Avenue  Sewage  Treatment 
Plant;  the  Regional  Laboratories,  where  the  water  analyses  are  performed,  are  housed 
in  the  main  control  building  of  the  sewage  treatment  plant 
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SECTION  A 
RAW  WATER  SOURCE 


A.        RAW  WATER 
A.1      Source 

The  water  source  for  the  Woodward  Treatment  Plant  is  Lake  Ontario.  The  intakes  are 
located  off  the  southwestern  shore  of  the  lake,  southeast  of  Hamilton  Harbour  (see  Figure 
3).  There  are  two  intakes  in  service,  one  concrete  and  one  steel,  (914  m  respectively  and 
945  m  in  length  and  1 525  mm  to  2440  mm  in  diameter  respectively.  The  intake  cribs  are 
approximately  6  m  off  the  lake  bottom  in  approximately  15  m  of  water,  (see  section 
C.3(a)). 

Hamilton  Harbour  has  been  designated  as  an  "Area  of  Concem"  by  the  International  Joint 
Commission  due  to  pxDor  sediment  and  water  quality.  Because  the  water  plant  intakes 
are  close  to  the  Harbour,  there  is  concem  that  contaminants  in  the  plume  emitted  from 
the  Harbour  through  the  Buriington  Ship  Canal,  can  or  do  reach  the  intakes.  An  October 
1986  publication  by  the  Ministry  of  the  Environment  entitied  "Impact  of  Hamilton  Harbour 
on  Western  Lake  Ontario"  includes  the  results  of  a  1982  investigation  of  the  plume  and 
the  Hamilton  water  intakes. 

For  the  impact  study,  weekly  samples  of  raw  water  were  taken  directiy  from  the  Hamilton 
intake  pipe  from  May  20  to  September  1,  1982  and  were  analyzed  for  parameters 
determined  to  be  characteristic  of  the  canal  water  and  the  plume.  Additional  samples 
were  collected  from  the  intakes  when  specific  surveys  of  the  plume  were  being  carried 
out. 

The  results  of  this  study  are  inconclusive.  Nutiient  levels  on  some  dates  "indicate 
possible  plume  impingement  on  the  intakes",  but  the  elevated  ammonia  levels  found 
during  a  storm  in  May  1 982  may  have  been  caused  by  run-off  or  by  transport  from  other 
areas  of  the  lake. 


Bevated  levels  of  heavy  metals  occasionally  found  in  the  raw  water  were  "most  likely  from 
sources  other  than  the  Harbour". 

While  the  report  does  call  for  more  extensive  monitoring  and  investigation,  the  data 
collected  does  indicate  that  the  plume  from  the  harbour  may  reach  the  Woodward 
Treatment  Plant  intakes  occasionally. 

The  following  is  an  excerpt  from  the  summary  and  conclusions  section  of  the  report,  page 
1-5: 


Although  average  water  chemistry  data  at  the  Hamilton  and  Burlington 
Water  Treatment  Plant  (WTP)  intakes  are  not  significantly  different  from 
those  measured  at  lake  background  locations,  occasionally  high  results 
were  found  at  the  intakes  for  nutrient  {N  and  P),  heavy  metals  and  turbidity. 
Burlington  WTP  results  assessed  in  conjunction  with  plume  survey  data 
suggest  impingement  of  the  harbour  plume  on  one  survey  date,  while  for 
another  date,  plume  data  suggest  impingement  at  the  Hamilton  WTP  intake 
(no  Intake  data  available).  Increases  of  turbidity  and  associated  heavy 
metals  occasionally  observed  after  rainfall  are  most  likely  due  to  runoff  and 
storm-induced  sediment  resuspension,  and  are  not  likely  attributable  to  the 
harbour  discharge. 
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Adapted  from:  Impact  of  Hamilton  Harbour 
on  Western  Lake  Ontario, 
MOE,  October,  1986. 


Hami 1 ton-Wentworth 
Water  intakes 


FIGURE  3 

Site  and  Intake 
Locat  ion 


A.2      Quality 

A.2(a)  Physical  and  Chemical  Parameters 
(Regional  Laboratory  Analysis) 

Although  concern  has  been  expressed  about  the  possibility  of  a  plume  from  Hamilton 
Harbour  reaching  the  water  plant  intakes,  the  raw  water  quality  at  the  plant  is  still  good 
and  it  is  quite  consistent.  In  the  years  of  1984  to  1986  in  April,  July  and  December,  the 
range  of  raw  water  quality  physical  and  chemical  parameter  were  as  follows: 


Minimum 

Maximum 

Range  of  Monthly  Mean 

Turbidity  (NTU) 

0.6 

33 

0.9-4.1 

Ammonia  (mg/L) 

0.01 

0.26 

0.02-0.05 

PH 

6.70 

8.03 

7.30-7.77 

Alkalinity 
(mg/L  as  CaCOg) 

80 

133 

92-100 

Total  Hardness 
(mg/L  as  CaCOg) 

122 

152 

125-138               1 

Chloride  (mg/L) 

22.5 

32.5 

24.0-27.4 

Fluoride  (mg/L) 

0.10 

0.34 

0.18-0.21 

Turbidity 


Turbidity  varies  somewhat  with  the  weather.  The  usual  raw  water  turbidity  is  <5  NTU, 
however,  during  storms  with  easterly  winds  off  the  lake,  the  turbidity  tends  to  rise. 


Ammonia 

During  the  months  of  study,  the  nomnal  range  of  ammonia  in  the  raw  water  was  0.02  to 
0.05  mg/L  The  occasional  rise  in  ammonia  levels  are  probably  storm  related  (see 
Section  A.1). 


EH 


The  pH  of  the  raw  water  is  quite  constant;  It  is  usually  between  7  and  8  units  with  very 
occasional  variances  below  or  slightly  above  this  range. 

Alkalinity 

The  range  of  monthly  mean  raw  water  alkalinity  during  the  study  months  was  92  to  100 
mg/L  as  CaCOg.  The  alkalinity  does  not  vary  widely  and  is  seldom  below  85  mg/L  or 
above  105  mg/L  as  CaCOa- 

Total  Hardness 

The  total  hardness  of  the  raw  water  ranged  from  1 22  to  1 52  mg/L  as  CaCOg  with  a  range 
of  monthly  means  of  125  to  138  mg/L  as  CaCOg.  The  water  is  average  hardness. 

Chloride 

Chloride  concentration  in  the  raw  water  is  quite  constant  with  a  monthly  mean  range  of 
24.0  to  27.4  mg/L  This  is  well  below  the  maximum  desirable  concentration  of  250  mg/L 


Ruoride 

The  concentration  of  fluoride  in  the  raw  water  is  fairly  constant  at  approximately  02.  mg/L 

ASLQo)  Bacteriological  Parameters 

(Regional  Laboratory  Analysis) 

The  bacteriological  quality  of  the  raw  water  for  the  study  months  of  April,  July  and 
December,  1984-1986  is  summarized  below.  The  tables  show  the  results  in  terms  of 
percentage  of  all  samples  analyzed. 


Total  Coliforms 
(#  organisms/100  ml) 

0 

1-5 

6-100 

101-5000 

>5000 

Percentage  of  All 
1  Samples  Analyzed 

20 

35 

41 

4 

° 

Total  Coliforms 
(#  organisms/100  ml) 

0 

1-5 

6-100 

101-5000 

>5000 

Percentage  of  All 
Samples  Analyzed 

53 

38 

3 

6 

0 
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A5(c)  Drinking  Water  Surveillance  Program,  1986 

The  following  is  an  excerpt  from  the  DWSP  Annual  Report  - 1 986,  Plant  Summaries  (MOE, 
May  1987).  The  only  parameter  which  was  found  to  exceed  the  Ontario  Drinking  Water 
Objectives  was  organic  nitrogen  (2  samples). 

HAMILTON  WATER  TREATMENT  PLAhJT 

EXECUTIVE  SUMMARY 
DRINKING  WATER  SURVEILLANCE  PROGRAM.  1986 

The  Hamilton  Water  Treatment  Plant  was  sampled  5  times  in  1986;  results  are  given  for 
raw  and  treated  samples. 

The  parameters  analyzed  fall  into  several  categories:  physical  parameters  and  general 
chemistry,  bacterial  parameters,  metals  and  organic  substances  including  volatile  and 
chloraromatic  substances  and  pesticides. 

The  dicussion  of  results  focuses  on  health-related  parameters  found  in  treated  water: 

(a)       Organic  Substances 

Analysis  was  carried  out  for  approximately  1 1 0  organic  compounds.  The  only 
volatile  compounds  found,  trihalomethanes  (THMs)  were  always  present  in  treated 
waters;  the  highest  level  recorded  for  total  THMs  was  29  jig/L 


11 


(b)       Other  Parameters 

The  aesthetic  ODWO*  for  organic  nitrogen  was  exceeded  in  two  treated  water 
samples.  Of  the  other  physical,  general  chemistry  and  microbiological  parameters 
and  metals  analyzed,  for  which  there  are  health-related  ODWO,  none  exceeded  the 
objectives  in  treated  water. 

The  results  of  these  analyses  are  consistent  with  those  obtained  in  other  areas  of 
the  Great  Lakes. 

The  treated  water  from  the  supply  did  not  exceed  any  known  health-related  guideline  for 
organic  substances  applicable  to  drinking  water. 

*  The  Ontario  Drinking  Water  Objectives,  revised  1983. 

(from  Drinking  Water  Surveillance  Program.  Annual  Report  -  1986.  Plant  Summaries. 

MOE,  May  1987.) 

HAMILTON  WATER  TREATMENT  PLANT 

SUMMARY  TABLE  OF  RESULTS 
DRINKING  WATER  SURVEILLANCE  PROGRAM.  1986 

The  Hamilton  Water  Treatment  Plant  was  sampled  5  times  in  1 986. 
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PARAMETER  CATEGORY 


Type  of  Sample 
Raw      Treated* 


1  GENERAL  CHEMISTRY-includes  anions  such  as  sulphate,  field  analyses 

such  as  chlorine  residual  and  physical  parameters  such  as  colour. 

Total  numt)er  of  parameters  in  category:  21 


-  Total  number  of  analyses  completed 

-  Total  numlser  of  positive  results 

-  Numtjer  of  time  guidelines  exceeded 


90  90 

82  72 

N/A        2 


METALS-indudes  metals  such  as  copper  and  lead. 


Total  number  of  parameters  in  category:  24 


-  Total  number  of  analyses  completed 

-  Total  number  of  positive  results 

-  Numt>er  of  time  guidelines  exceeded 


108 
58 

N/A 


108 

54 

0 


BACTERIOLOGY-includes  tiacteria  such  as  coliforms. 


Total  number  of  parameters  in  category:  5 


-  Total  number  of  analyses  completed 

-  Total  numtjer  of  positive  results 

-  Number  of  time  guidelines  exceeded 


20         20 
15  1 

N/A        0 


4  VOLATILES-includes  compounds  such  as  benzene  and  toluene;  also 

included  in  this  category  are  trihalomettians  (5  parameters), 
acknowledged  to  be  produced  during  water  treatment 

Total  number  of  parameters  in  category:  29 
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140 

141 

4 

16 

N/A 

0 

-  Total  number  of  analyses  completed 

-  Total  number  of  positive  results 

-  Number  of  time  guidelines  exceeded 

5  PESTICIDES- 

Total  number  of  parameters  in  category:  65 

-  Total  number  of  analyses  completed  180        180 

-  Total  number  of  positive  results  0  0 

-  Number  of  time  guidelines  exceeded  N/A        0 

6  CHLOROAROMATICS  AND  CHLOROPHENOLS-indudes  a  range  of  chlorinated 
organic  compourKls. 

Total  number  of  parameters  in  category:  19 

-  Total  numt>er  of  analyses  completed  71  71 

-  Total  number  of  positive  results  0  0 

-  Number  of  time  guidelines  exceeded  N/A        0 

*  Total  number  of  analyses  completed  will  not  always  equal  the  number  of  parameters 
analyzed  for  multiplied  by  number  of  times  the  supply  was  sampled,  because  of 
accidents  during  shipping  or  analyses  or  analytical  difficulties. 

**  Ontario  Drinking  Water  Objective 

*  (From:  Drinking  Water  Surveillance  Program.  Annual  Report  - 1986.  Plant  Summaries. 
MOE.  May  1987) 
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SECTION  B 
FLOW  MEASUREMENT 


B.        FLOW  MEASUREMENTT 

The  following  sections  provide  a  general  description  of  the  flow  measuring  devices 
through  the  plant.  Details  and  specifics  of  this  equipment  are  contained  in  the  table  at 
the  end  of  this  section. 

B.1      Raw  Water 


VENTURI FLOW  METER 
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From  the  Low  Lift  Station  the  raw  water  is  pumped  approximately  550  m  to  the  treatment 
plant.  Some  of  the  raw  water  is  piped  to  the  Stelco  Pumping  Station  (see  Figure  2). 
When  the  water  treatment  plant  is  operating,  Stelco  receives  raw  water  from  the  Low  Lift 
discharge  pipe.  However,  when  the  water  plant  is  not  operating  (during  the  day  on 
weekdays),  Stelco  draws  water  back  out  of  the  fiocculation  and  sedimentation  tanks.  The 
quantity  of  water  Stelco  uses  is  measured  by  a  venturi  meter  located  on  the  discharge 
pipe  from  the  Stelco  pumping  station;  the  average  flow  to  Stelco  is  68,000  m^/d. 

When  the  raw  water  reaches  the  treatment  plant  it  is  split  in  half  to  supply  water  to  the 
two  treatment  modules.  The  flow  to  the  modules  is  measured  by  a  cast  iron  venturi  meter 
installed  in  each  of  the  two  pipes.  Venturi  measures  flow  by  producing  a  difference  in 
head  between  two  points  and  the  differential  is  a  function  of  velocity.  These 
measurements  provide  raw  water  flow  figures  which  are  electrically  transmitted  to  the  filter 
building  control  panel.  The  differential  pressure  and  flow  relationship  for  these  Venturis 
is  as  follows: 


RATED 

TEST  HEAD 

HEAD 

(mm) 

FLOW 
(1000  m^/d) 

HEAD 
(mm) 

FLOW 
(1000  m^/d) 

MODULE  1 

727 

455 

182 

227 

MODULE  2 

911 

455 

228 

227 

STELCO 

10260 

114 

1642 

45 

The  raw  water  flow  which  is  recorded  on  the  daily  log  is  modified  to  reflect  water  taken 
by  Stelco.  During  the  day,  when  the  plant  is  not  operating,  Stelco  draws  water  out  of  the 
fiocculation  and  sedimentation  tanks.  (This  water  has  passed  through  the  raw  water 
Venturis). 
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A  low  lift  pump  is  turned  on  periodically  during  the  day  to  refill  the  flocculation  and 
sedimentation  basins.  The  net  raw  water  flow  recorded  is  calculated  from  the  following: 

Raw  Water  Flow  =  (Total  Raw  Water  Venturi  Flow)- 

(Stelco's  average  hourly  pumpage  x  the  number  of  hours  a  low  lift 
pump  was  not  on). 

B2.      Treated  Water 

The  discharge  pipe  from  each  High  Lift  Pump  is  equipped  with  a  flow  meter  and 
transmitter.  Pumps  1  to  4  have  venturi  meters  and  pumps  5  and  6  have  restriction 
orifices.  The  signals  from  the  transmitter  are  sent  to  the  High  Lift  Station  Control  Panel 
where  the  flows  are  totalled,  recorded  on  a  chart  and  the  cumulative  total  is  displayed. 
The  rated  and  test  heads  of  these  meters  are  as  follows: 


RATED 

TEST  HEAD 

PUMP  NO. 

HEAD 
(mm) 

FLOW 

(1000  m^/d) 

HEAD 
(mm) 

FLOW 
(1000  m^/d) 

1 

2418 

182 

944 

114 

2 

2418 

182 

1849 

159 

3 

■   2418 

182 

1849 

159 

4 

2418 

182 

1849 

159 

5 

6156 

227 

2210 

136 

6 

5177  • 

227                      2537 

159 
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B.3      Backwash  Water 

Filter  effluent  is  pumped  to  the  wash  water  tower.  As  the  wash  water  is  used,  the  flow 
from  the  tower  is  measured  by  a  venturi  meter.  The  flow  measurement  is  translated  to 
inches  per  minute  rise  of  backwash  water  through  the  filter.  This  value  is  displayed  on 
a  meter  located  beside  the  Venturi  below  the  tower  on  the  main  floor  of  the  fltter  building. 
It  is  also  sent  via  an  electric  signal  to  the  overhead  gauges  in  the  filter  galleries.  Only  one 
filter  is  backwashed  at  a  time. 

The  water  level  in  the  tank  is  monitored  and  the  water  depth  (in  feet)  is  displayed  on  a 
meter  beside  the  Venturi  and  on  the  gauges  in  the  filter  galleries.  The  water  level  sensing 
switches  also  control  the  backwash  pumps  which  refill  the  tank  as  water  is  used. 

B.4      Rtter  Effluent 

The  filter  water  flow  is  measured  by  Spariing  Master  Flo  Propeller  meters  which  are 
installed  at  the  beginning  of  the  filtered  water  conduits.  The  effluent  pipe  from  each  fitter 
is  also  equipped  with  a  venturi  meter. 

The  total  filtered  water  flow  recorded  daily  on  the  Filter  Building  Log  is  not  taken  from  any 
of  the  measuring  devices,  but  is  based  on  the  following  calculation: 

Filtered  Water  Flow  =         (Total   Treated   Water   Flow  through   the    High   Lift 

Pumping  Station)  +  (backwash  water  used)  ±  (the  net 
volume  change  in  the  clearweils) 

The  filter  effluent  measuring  devices  are  part  of  an  automatic  flow  control  system. 
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FLOW  METERING  EQUIPMENT 


SERVICE 

NUMBER 

TtT'E  &  CAPACITY 

LOCATION 

INSTRUMENTTATION 

Raw  Water 

2 

Venturis 

Module  1-2100mm  x  1500mm 
Module  2-1 800mm  x  1200  mm 
Capacity  (each):  maximum 
455000  m==/d 

Raw  water 
conduit  prior  to 
rapid  mix. 

Local:   Bristol  transmitter 
Controller  at  local  panel 
CFBCP:   Bristol  flow  indicating 
recorder.  Transmission 
integrator.  Total  raw  water  flow 
indicator.  Valve  position 
indicators 

Steico 

1 

Venturi 

Capacity:  maximum  -■14000 

nrr'/d 

Outside  Steico 
pumping  station 

Local:  Bristol  transmitter 
CFBCP:   Flow  indicator 
HLSCC:  Bristol  flow  &  pressure 
recorder.   Ftow  integrator 

Filter 

Effluent 

2 

Sparling  Master  Fto  Propeller 
Ftow  Meters 

Capacity'  (each):  maximum 
455000  m=/d 

In  tittered  water 
conduits 

Local:  Spariing  pulse  transmitter 
CFBCP:  Spariing  totalizer 
indicating  recorder 

24 

Venturis-400  mm 
Capacity  (each):  maximum 
45000  mva 

On  effluent  pipe 
from  each  filter 

used  for  local  fitter  rate  control 
only  (filter  rale  control  valve 
section  on  fitter  control  table) 

Backwash 

.  1 

Venturi 

Capacity  (each):  maximum 

327000  mVd 

On  discharge 
pipe  from  the 
wash  water 
storage  tank 

Local:  Bristol  transmitter 
CFBCP:   Bristol  flow  recorder 

Treated 
Water 

4 

Venturi 

Capacity  (each):  -maximum 

182000  mVd 

On  high  lift  pump 
discharge  pipes 
(pumps  1  to  4) 

Local:   Bristol  transmitter 

CFBCP:   Bristol  total  flow 

summator 

HLSCC:   Bristol  high  lift  flow 

indicator  (0-990000  m^/d) 

2 

Restriction  Offices 
Capacity  (each):  maximum 
227000  mVd 

On  high  lift  pump 
discharge  pipes 
(pumps  5$6) 
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NOTES: 

1.        The  flow  meter  instrumentation  is  calibrated  so  as  to  provide  maximum 

accuracy  in  the  normal  operating  range  of  the  plant. 
.2.        CFBCP  =  Central  Filter  Building  Control  Panel 

3.  HLSCC  =  High  Lift  Station  Central  Console 

4.  There  is  a  minimum  flow  through  a  Venturi  meter  below  which  the  accuracy 
of  the  flow  measurements  are  unreliable.  These  minimum  flows  should  be 
provided  in  the  capacity  range. 

8.5      Validity 

The  flow  measurements  from  the  raw  water  Venturis  are  questionable  since  neither 
meter  was  installed  according  to  standard  practices.  A  standard  venturi  tube 
consists  of  a  redaction  in  pipe  diameter,  a  section  of  constant  pipe  size,  followed  by 
an  enlargement  to  the  original  pipe  size.  Sections  of  straight,  uninterrupted  pipe 
(calming  links)  are  necessary  both  upstream  and  downstream  of  the  venturi. 

In  both  Modules  1  and  2,  the  Venturis  are  followed  closely  by  main  flow  control 
butterfly  valves.  When  these  valves  are  completely  or  partially  open  the  valve  plate 
would  interfere  with  the  measurement  of  flow  through  the  venturi.  Also,  both  Venturis 
1  and  2  lack  the  standard  calming  links  upstream  and  downstream.  In  Module  2  the 
flow  is  measured  through  a  reduction  in  pipe  diameter  (1830  mm  to  1220  mm)  but 
there  is  not  an  enlargement  to  the  original  pipe  size.) 

A  flow  calibration  of  these  venturi  would  be  necessary  to  test  the  accuracy  of  the 
measurements.  The  differential  head  is  checked  and  calibrated  annually  by 
Maintenance  Department  staff,  but  the  actual  flow  as  it  relates  to  this  differential  is  not 
calibrated. 
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The  validity  of  the  treated  water  flow  measurements  is  also  questionable.  The 
downstream  calming  links  for  the  venturi  following  pumps  1  to  4  are  short  due  to  a 
'T'  intersection  in  the  discharge  pipes.  An  estimate  of  tine  accuracy  of  the  ti-eated 
flow  measurement  cannot  be  made;  calibrations  of  the  Venturis  and  orficies  would 
be  required.  As  witin  the  raw  water  verturis,  tine  Maintenance  Department  staff  check 
the  differential  annually,  but  the  actual  flow  is  not  calibrated. 

The  accuracy  of  the  backwash  water  flow  measurement  by  tine  venturi  could  be 
checked.  With  the  backwash  pumps  off,  tiie  water  level  in  tiie  backwash  water  tank 
could  be  monitored  and  the  change  in  volume  compared  to  the  flow  measurement 
by  the  venturi. 

The  flow  measurements  from  the  Venturis  on  each  filter  effluent  pipe  may  not  be 
accurate  due  to  a  lack  of  the  recommended  downsti-eam  calming  pipe  lengtii; 
however,  these  values  are  not  recorded.  The  flows  measured,  by  these  Venturis  are 
used  only  for  tine  flow  cortr ol  system  (see  Section  D.1  (b)). 
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SECTION  C 
PROCESS  COMPONEhfTS 


C.        PROCESS  COMPONENTTS 
C.1      General 

Figure  1  is  a  block  diagram  which  shows  the  basic  components  of  the  treatment  process. 
The  figure  has  been  printed  throughout  the  process  component  inventory  section  for 
easy  reference.  As  mentioned  earlier,  the  plant  is  divided  into  two  independent  treatment 
modules.  When  repairs  or  maintenance  of  a  major  component  are  required,  the  plant  can 
operate  using  only  one  module.  Figure  7,  at  the  end  of  this  section,  is  a  detailed 
schematic  of  the  complete  process  including  chemical  additions. 

The  plant  is  equipped  with  an  automatic  flow  control  system  which  monitors  the  level  of 
water  in  the  clearwells,  the  flow  of  filter  effluent  and  the  water  level  in  the  filtered  water 
conduit.  There  are  30  control  system  loops  (see  Section  D.1  (bj).  A  computerized  control 
system  is  currently  being  installed  at  the  plant  by  Regional  instrumentation  staff.  It  is  not 
yet  operational.  .  ' 

C2.     Design  Data 

C5(a)  Plant  Capacity 

The  plant  was  rated  at  200  million  imperial  gallons  per  day  (MIGD)  or  909,000  m^/day  at 
the  time  of  the  last  expansion  in  1 973.  However,  the  filtration  rate  of  36,364  m^/day  for 
each  of  the  24  filters  does  not  limit  the  capacity  to  873,000  m^/day  (192  MIGD). 
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The  daily  water  flows  from  1984  to  1986  were  as  follows:  (all  units:  1000  rn^/d) 


1                  RAW 

TREATED 

Average  daily  flow 

304.9 

283.5 

Absolute  maximum  daily  flow 

616.9 

591.1 

Average  maximum  daily  flow 
(average  of  monthly  maximums) 

476.4 

449.5 

Absolute  minimum  daily  flow 

100.0 

76.8 

Average  minimum  daily  flow 
(average  of  monthly  minimums) 

18Z7 

169.6 

A  summary  of  the  flows  for  the  three  years  can  be  found  in  table  1 .0,  Appendix  A. 

The  above  figures  show  that  the  plant  usually  treats  less  than  half  of  the  volume  of  water 
Ft  has  the  capacity  to  treat.  However,  since  It  is  in  operation  for  only  13  to  13.5  hours  per 
day  during  the  week,  the  flow  through'  the  plant  during  operating  hours  is  close  to 
capacity  on  high  flow  days. 

At  the  beginning  of  each  month,  a  pumpage  rate  for  the  month  is  selected  based  on  a 
record  of  past  water  use.  During  then,  the  plant  is  operated  at  this  rate  unless  there  is 
an  emergency  or  the  level  of  water  in  the  reservoirs  drops  more  than  20%  per  day.  The 
monthly  cost  of  hydro  is  based  on  the  peak  use  of  power  during  the  month,  so  the 
treatment  plant  staff  only  raise  the  pumpage  rate  during  the  month  if  it  is  absolutely 
necessary. 


The  set  pumpage  rates  relate  to  a  combination  of  high  lift  pumps.  The  low  lift  pumps  are 
set  to  accommodate  this  high  lift  rate  (see  Section  C.3(i)).  If,  for  example,  the  monthly 
rate  is  391  x  10^  mYd  (86  MIGD),  the  plant  is  always  operated  at  this  rate.  Thus,  Monday 
to  Thursday  nights  when  the  plant  is  operating  for  13  to  13.5  hours,  approximately  220 
x  1 0^  m^  (48  MIGD)  of  raw  water  is  treated. 
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On  weekends  when  the  plant  is  in  operation  24  hours  per  day,  the  daily  volume  of  raw 
water  treated  is  391  x  10^^.  During  the  week  the  reservoir  levels  are  allowed  to  fall 
somewhat  (up  to  20%  drop  in  level  per  day)  and  they  are  refilled  on  weekends. 

C^(b)  Per  Capita  Flow 

Limited  information  regarding  per  capita  flow  rates  is  available.  Only  some  of  the 
households  in  the  Region  are  metered  and  the  records  department '  makes  no 
differentiation  between  single  family  homes  and  multi-unit  buildings.  The  systems 
Department  at  the  Region  estimates  that  60  percent  of  the  treated  water  is  used  by 
industry  with  the  remaining  40  percent  going  to  residential  use. 

The  population  served  .is  approximately  385,500  m^  the  average  total  residential  per 
capita  flow  is  295  litres  per  capita  per  day.  Table  1.1  in  Appendix  A  shows  maximum  and 
minimum  per  day.  Table  1.1  in  Appendix  A  shows  maximum  and  minimum  per  capita 
consumption- rates  for  1984  to  1986.. 

In  order  to  gain  more  Information  regarding  per  capita  water  use,  flow  records  from  the 
Woodward  Avenue  Sewage  Treatment  Plant  were  also  obtained.  However,  the  average 
daily  sewage  flow  in  1 984-86  was  31 3,000  m^/day  which  is  greater  than  the  treated  water 
flow.  This  is  due  to  infiltration  and  possibly  discharges  from  Industries  which  have  a 
separate  water  source.  Therefore,  the  sewage  flow  data  is  not  helpful  in  assessing  per 
capita  water  use. 

For  comparison,  the  following  table  shows  per  capita  water  use  in  some  Ontario 
municipalities. 
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Population 

Water  Use 

(Lcpd) 

Ajax 

23,300 

456 

Barrie 

34,000 

584 

Newmarket 

21,000 

387 

Cambridge 

70,000 

539 

Hamilton 

385,000 

736  (total) 
295  (estimated  residential) 

C.3      Process  Component  Inventory 


LOW  LIFT  PUMPING  STATION 
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C.3(a) 


Water  Intakes 


There  are  three  intake  pipes  with  two  in  use  at  the  present  time:    Figure  3  on  page  6 
shows  their  location.  The  pipe  specifics  are  as  follows: 


Diameter  (mm) 

Length  (m) 

Volume  (m^ 

Material 

2440 

945 

4419 

concrete 

1525 

914 

1669 

steel 

1220 

640 

748 

steel  (not  currently  in  use) 

Total  Volume:  6836  m^ 

The  crib  structures  at  the  opening  of  each  pipe  are  approximately  6  m  off  the  bottom  in 
approximately  1 5  m  of  water.  The  largest  intake  (2440  mm  diameter)  is  the  newest;  It  was 
constructed  in  1 967.  The  crib  on  this  pipe  is  an  octagonal  structure  made  of  concrete 
and  fibreglass  and  designed  for  protection  against  fazil  ice.  It  has  an  intake  port  area  of 
81 .2  m^  and  an  inlet  diameter  of  3.7  m.  Drawings  of  this  crib  structure  follow: 
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The  1 525  mm  intake  crib  was  designed  by  the  City  of  Hamilton  Public  Works  Department 
and  constructed  in  1 927.   Its  design  is  shown  in  the  following  drawings. 
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FIGURE    5 

1525mm  ^    Intake   Crib 


THE  REGIONAL  MUNICIPALITY  OF  HAM  I LTON-WENTWORTH 
WATER  TREATMENT  PLANT 


LAKE  OnTAPjO 

LOW  LIFT  PUMPS 

MODULE  1 

1                 MODULE  2 

RAPID  MIX 

PM>ID   MIX 

FLOCCULATION 

FLOCCULATION 

SEDIMENTATION 

SEDIMENTATION 

FILTRATION 

FILTRATION 

1 

1 

CLEARjJELLS 

1 

HIGH  LIFT  PUMPS 

to  distribution 
system 


FIGURE    1 

Process  Block  Schematic 
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C.3(b)  Screening 

Bar  Screens: 

These  screens,  which  are  located  in  the  low  lift  intake  chamber,  prevent  any  large  debris 
from  entering  the  station.  The  opening  size  is  75  mm. 


TRAVELLING  SCREENS 
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THE  REGIONAL  MUNICIPALITY  OF  HAM  I  LTON-WENTWOP.TH 
WATER  TREATMENT  PLANT 


LAKE   ONTARIO 


to   distribution 
system 


FIGURE    1 

Process  Block  Schematic 
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Travelling  Screens: 

The  water  then  passes  through  6.4  mm  brass  mesh  screens  to  remove  smaller  particles. 
There  are  three  travelling  screens  manufactured  by  Link  Belt,  Model  454,  Order  Number 
TK  2795.  Two  screen  wash  jet  pumps  (40  HP  Westinghouse  Lifeline)  located  beside  the 
Low  Lift  pumps  are  used  to  clean  the  screens;  the  waste  water  is  collected  in  a  sump  and 
pumped  to  Red  Hill  Creek  by  two  1 5  HP  Westinghouse  Lifeline  trash  pumps. 

The  cleaning  system  is  on  a  timer  which  initiates  a  six  minute  cleaning  cycle  once  per 
hour.  The  screens  are  equipped  with  a  differential  pressure  monitoring  system  with  the 
pressure  recorder  located  in  the  High  Lift  Station.  However,  when  the  cleaning  of  the 
screens  was  initiated  by  the  pressure  differential  (headless  of  0.6  m),the  screens  were 
being  damaged.  There  is  less  damage  to  the  screens  with  the  timed  cleaning  system. 
Manual  initiation  of  the  cleaning  cycle  is  possible  from  the  High  Lift  Building  or  the  Low 
Lift  Station. 


LOW  LIFT  PUMP 
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SCHEMATIC 

of 

RAPID  MIX.  FLQCCULATION.  SEDIMENTATION 

(each  module) 


Rapid  Mixing 
Primary  Flocculation 

Secondary  Flocculation 


Sedimentation 


(not  to  scale) 


FIGURE  6 

Schematic  of  Rapid  Mix, 

Flocculation  6 

Sedimentation 
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There  are  six  Low  Lift  Pumps  which  pump  the  raw  water  from  the  lake  to  the  beginning 
of  the  treatment  process.  The  pumps  were. manufactured  by  Allis-Chalmers,  (type  LSV) 
and  are  equipped  with  Reliance  Induction  Motors.  The  units  have  the  following  ratings: 


Pump  No. 

Capacity  m^d 

Head  (m) 

Power  kW 

1 

227.500 

8.5 

262.5 

2 

163.800 

8.5 

187.5 

3 

227.500 

8.5 

262.5 

4 

163.800 

8.5 

187.5 

r 

259.350 

8.5 

262.5 

8 

259.350 

8.5 

262.5 

There  is  space  for  two  additional  pumps  (numbers  5  and  6). 

The  pumps  can  be  operated  one  at  a  time  or  in  any  combination.  The  operator  selects 
tiie  number  and  combination  of  pumps  to  produce  the  desired  flow  rate.  (See  Section 
C.2(a)).  The  installed  capacity  of  the  station  is  1.301  x  10*  m^/day;  the  firm  capacity 
(without  1  of  the  largest  pumps)  is  1.042  x  10*  m^/day.  The  volume  of  the  concrete  low 
lift  pump  suction  well  is  approximately  400  m^ 


C.3(d) 


Flash  Mixing 


Each  module  is  divided  Into  2  sections  for  rapid  mixing,  flocculation  and  sedimentation. 
A  schematic  of  these  components,  in  Figure  6,  is  shown  on  the  opposite  page. 

In  each  module  the  raw  water  enters  an  inlet  well.  The  flow  is  then  split  and  enters  the 
rapid  mix  chambers  via  sluice  gates  at  the  bottom  of  the  inlet  well  walls,  (there  are  four 
rapid  mix  chambers,  i.e.  two  per  module). 
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Each  rapid  mix  chamber  has  two  mixers,  separated  by  a  baffle,  which  operate  in  series. 
The  mixers  are  "Lightnin"  by  Greey  Mixing  Equipment  Ltd.,  Model  84-WQ-25. 

The  chambers  are  each  approximately  1 52  m^  (to  the  top  water  level)  which  produces  the 
following  retention  times: 


Flow  (lOOOm^/day) 

Retention  Time  (minutes) 

Night  only  operation 

Contin^cjs  Operation 

304.9  (average) 

1.6 

2.9 

476  4  (maximum) 

1.0 

1.8 

18Z7  (minimum) 

2.7 

4.8 

Because  of  the  way  the  plant  is  operated,  the  high  flow  days  most  likely  occur  when  the 
plant  is  in  continuous  operation  on  weekends,   (see  Section  C.2(a)). 

C.3e)  Flocculation 


FLOCCULATIC.X  MIXERS  .(PRLMAR'i   A.\::  SECONDARY) 
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SCHEMATIC 

of 

RAPID  MIX.  FLOCCULATION.  SEDIMENTATION 

(each  module) 
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Rapid  Mixing 
Primary  Flocculation 

Secondary  Flocculation 


Sedimentation 


FIGURE  6 

Schematic  of  Rapid  Mix, 
Flocculation  £ 
Sedimentation 
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At  the  end  of  each  rapid  mix  chamber  the  water  is  fed  into  a  conduit  undemeath  the 
chamber.  The  water  then  flows  into  the  bottom  of  the  flocculation  tanks.  Each 
flocculation  tank  is  divided  into  six  cells.  The  three  cells  closest  to  the  rapid  mixers  each 
contain  one  primary,  high  capacity  flocculation  unit  The  other  three  cells  in  the  tank  each 
contain  one  secondary,  moderate  capacity  flocculator.  The  primary  and  secondary  units 
operate  in  series;  the  water  flows  from  the  primary  cells  to  the  secondary  cells  via  600 
mm  X  600  mm  ports  located  approximately  600  mm  below  the  top  water  level. 

Each  primary  or  secondary  cell  has  a  volume  of  699  m^  thus  each  of  the  four  flocculation 
tanks  has  volume  of  4194  m^  (6  cells  per  tank.  2  tanks  per  module). 

The  retention  times  and  velocity  gradients  for  the  flocculation  units  are  shown  in  the 
following  two  tables: 


Rocculator 

Model  No. 

G  (sec-) 

Primary 

84-0-1 0 

60 

Secondary 

84-0-5 

40 

Plant  Flow 
(1000  m^/d) 

Retention 
Night  Only 
Operation 

Time  (minutes) 

Continuous 

Operation 

Primary  Unit  Gt 
Range 

Secondary  Unit 
GL  Range 

304.9 
(average) 

22.3 

39.6 

8.0x1 0*-1 .4x10= 

5.4x10^-9.5x10* 

476.4 
(maximum) 

14.3 

25.4 

5.1x10^-9.1x10^ 

3.4x10^-6.1x10' 

182.7 
(minimum) 

37.2 

66.1 

1.3x10^-2.4x10= 

8.9x10^-1.5x10= 
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G  values  in  the  range  of  20  to  74  sec^  and  Gt  values  between  2x10*  and  2x10^  have 
been  found  to  produce  satisfactory  results  in  fiocculation  basins  (R.L  Sanks,  ed.,  Water 
Treatment  Plant  Design).  Tlie  G  and  Gt  values  of  the  Hamilton  plant  fall  within  these 
ranges. 

C.3Q    Sedimentation 

From  the  secondary  fiocculation  cells,  the  water  flows  upward  into  small  (70  m^  chamber, 
then  downward  into  the  sedimentation  tanks.  A  continuous  target  baffle  is  located  in  the 
sedimentation  tank  600  mm  from  the  port.  There  are  four  sedimentation  tanks  (two  per 
module);  each  tank  has  a  total  volume  of  1 1 ,  968  m^  Retention  times  and  overflow  rates 
are  as  follows: 


Plant  Flow 
(1000  m^/d) 

Retention 
Night  Only 
Operation 

Time  (minutes) 

Continuous 

Operation 

Overflow  Rate  (m^/m^-hr)         | 

Night  Only 
Operation 

Continuous 
Operation 

304.9 
(average) 

2.1 

3.8 

2.1 

1.2 

476.4 
(maximum) 

1.4 

2.4 

3.2 

1.8 

182.7 
(minimum) 

3.5 

6.3 

1.2 

0.7 
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From  the  sedimentation  basins,  the  water  overflows  into  the  settled  water  conduit. 


C.3{g)  RItration 


FILTER 

(Not  In  Operation) 

Backwash  Troughs,  Surface  Wash  Arm 
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THE  REGIONAL  MUNICIPALITY  OF  HAM  I LTON-WENTWORTH 
WATER  TREATMENT  PLANT 


LAKE    ONTARIO 


LOW  LIFT  PUMPS 
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RAPID  MIX 
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1 
1 

HIGH  LIFT  PUMPS 

to  distribution 
system 


FIGURE    1 

Process  Block  Schematic 
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Each  module  has  12  multi-media  filters,  each  with  a  surface  area  of  132.9m^.  TTie  filters 
are  contained  in  concrete  tanks  with  the  following  dimensions:  14.6m  x  9.1m  x  3.0m. 
The  composition  of  the  filters  is  as  follows: 


1     . 

Depth 

Effective  Size 

Uniformity 
Coefficient 

Anthracite 

46  cm 

0.70  mm 

1.70-1.80 

Sand 

23  cm 

0.48-0.55  mm 

1.32 

Gravel-Layer 
1 
2 
3 
4 

10  cm 
5cm 
5  cm 
5  cm 

3  mm-#10  mesh 
6  mm-3  mm 
13  mm-6mm 
19mm-13mm 

Total  Depth 

94  cm 

■ 

The  underdrains  are  a  Leopold  block  system  which  has  6  mm  holes  on  67  mm  centres. 

The  wash  troughs  are  pre-cast  concrete,  66  cm  wide  on  1 .8  m  centres.  The  lip  of  the 
trough  is  1.1  m  above  the  top  of  the  bed.  Each  filter  is  equipped  with  a  Palmer  sweep 
surface  wash  system. 

The  filters  underwent  a  restoration  in  1984-85,  thus  the  old  filters  were  in  place  during 
some  of  the  period  of  study  for  this  report  The  filter  rate  with  the  former  media  was  8.6 
m/hr.  The  old  filter  media  consisted  of: 


Depth 

Effective  Size 

Anthrafilt 

38  cm 

0.70  mm 

Sand 

33  cm 

0.55  mm 

Gravel  (5  layers) 

51  cm 

6  cm  to  pea  gravel 

Total  Depth 

122  cm 
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The  following  is  filter  operational  data  for  the  new  filter  media: 


Influent  Turbidity: 
Effluent  Turbidity: 
Length  of  Run: 
Headloss  (clean/dirty): 
Flow  Rate: 

Water  RItered  per  Cyde: 
Backwash  Flow  Rate: 
Backwash  Water  per  Wash: 


1-2  NTU 

0.1 0  NTU  -  maximum  0.4  NTU  prior  to  backwash 
maximum  72  hours  (since  Feb.  1986) 
*   0.2-Z3m 
11.4  m/hr 
82.3x10^3 
18m/hr-42m/hr 
600  m^ 


The  maximum  length  of  a  filter  run  was  36  hours  until  January  1986  when  it  was 
increased  to  48  hours  and  then  to  72  hours  in  February  1986.  With  the  36  hour  fitter  run, 
an  average  of  255  backwashes  were  run  each  month,  using  a  mean  of  1 .8%  of  the  filtered 
water.  Since  the  filter  run  was  increased  to  72  hours,  the  mean  number  of  backwashes 
per  month  has  decreased  to  1 45  and  the  water  use  has  decreased  to  a  monthly  average 
of  1%  of  the  filtered  water. 

The  filtered  water  is  collected  in  two  conduits,  1 880  mm  x  1 980  mm,  (one  in  each  module) 
which  are  located  in  the  centre  of  the  set  of  fitters.  The  filtered  water  tiien  flow  to  tfie 
dearwells. 
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Backwash  Facilities 


BACKWASH  PUMPS 
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THE  REGIONAL  MUNICIPALITY  OF  HAN  I LTON-WENTV/ORTH 
WATER  TREATMENT  PLANT 


LAKE  OflTAP.IO 

LOW  LIFT  PUMPS 

MODULE  I 

. 

MODULE  2 

RAPID  HIX 

RAPID  MIX 

FLOCCULATION 

FLOCCULATION 

SEDIMENTATION 

SEDIMENTATION 

FILTRATION 

FILTRATION 

1 
1 

CLEARJ^ELLS 

1 

1 

HIGH  LIFT  PUMPS 

to  distribution 
system- 


FIGURE  I 

Process  Block  Schematic 
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Backwash  pumps  transfer  filter  effluent  to  a  450  m^  storage  tank  in  the  tower  on  top  of 
the  building.  The  four  pumps  have  the  following  ratings: 


Pump 
No. 

Location  (East  or  West 
Wash  Pump  Well) 

Capacity 
(m^/d) 

Head 

Manufacturer 

1 

West 

25,900 

27 

Friarbanks  Morse 

2 

West 

25,900 

27 

Friarbanks  Morse 

3 

East 

13,180 

21 

Smart  Turner 

4 

East 

13,180 

21 

Smart  Turner 

When  a  backwash  is  initiated  (see  Section  D./C).  water  flow  by  gravity  from  the  tower  to 

the  filters. 

C.3(h)  Clearwells 


CLEAR-WELLS  (Buried) 
Sewase  Treatment  Plant  in  Background 
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FIGURE    1 

Process    Block  Schematic 
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There  are  two  cxDncrete  dearwells  which  are  fed  individually,  however,  an  intercxDnnecting 
valve  allows  for  balancing  of  the  water  levels.    The  total  capacity  of  the  cleanvells  is 
27,200  m^  Clearwell  #1  which  is  the  older,  is  33  m  by  90  m  by  3  m  deep.  Clearwell  #2 
is  L-shaped  with  a  surface  area  of  6,100  m^  and  a  depth  of  3  m. 
C,(0     High  Lift  Pumps 


HIGH  LIFT  -PUMPS 
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Six  High  Lift  pumps  are  used  to  pump  the  finished  water  into  the  distribution  system. 
Pumps  1  to  4  were  manufactured  by  Canadian  Ingersoll-Rand  Co.  Ltd.  and  have 
Westinghouse  motors.  Pumps  5  and  6  were  manufactured  by  De  Laval  Turbine  Inc.  and 
are  equipped  with  General  Electric  Motors. 

The  six  pumps  in  the  High  Lift  Station  have  the  following  ratings: 


Pump  No. 

Capacity 
(m^/d) 

Head  (m) 

Power  (kW) 

Type 

1 

81.830 

80 

750.0 

Centrifugal 

2 

136.382 

80 

1.312.5 

Centrifugal 

3 

136.382 

80 

1.312.5 

Centrifugal 

4 

136,382 

80 

1.312.5 

Centrifugal 

5 

190.935 

72 

1.500.0 

Centrifugal 

6 

159.113 

72 

1.500.0 

Centrifugal 

The  High  Lift  pumps  can  be  used  singly  or  in  combination.    The  High  Lift  operator 
chooses  a  combination  of  pumps  which  will  produce  the  desired  rate  of  flow. 

The  following  list  show  the  combinations  of  pumps  used.  These  nominal  pumpage  rates 
vary  from  the  actual  capacity  of  the  pumps. 
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PUMPAGE  RATES  FOR  VARIOUS  COMBINATIONS  OF  PUMPS  IN  HIGH  UFT 




1000  M7D 

MGD 

#1  PUMP 

100 

22 

#2,#3  OR  #4  PUMP 

168 

37 

#5  OF  #6  PUMP 

187 

42 

#1  PLUS  ONE  OF  #2.#3  OR  #4 

264 

58 

#1  PLUS  #5  OR  #5  PUMPS 

286 

63 

2  PUMPS  FROM  #2,#3  OR  #4 

309 

68 

1  PUMP  FROM  #2,#3  OR  #4  PLUS  #5  OR  #6 

332 

73 

1  #5  AND  #6  PUMPS 

350 

77 

2  PUMPS  FROM  #2,#3  OR  #4  PLUS  #1  PUMP 

391 

86 

1  PUMP  FROM  #2,#3  OR  #4  PLUS  #5  OR  #6  PLUS  #1 
PUMP 

409 

90 

#5  AND  #6  AND  #1  PUMPS 

427 

94 

1  #2.#3  AND  #4  PUMPS 

455 

100 

2  PUMPS  FROM  #2,#3  OR  #4  PLUS  #5  OR  #6  PUMP 

477 

105 

1  PUMP  FROM  #2  OR  #4  PLUS  #5  AND  #6  PUMPS 

491 

108 

#1  PUMP  PLUS  2  PUMPS  FROM  #2,  #3  OR  #4  PLUS  #5 
OR  #6  PUMP 

527 

116 

#2.#3  AND  #4  PUMP  PLUS  #5  OR  #6  PUMP 

564 

124 

2  PUMPS  FROM  #2.  #3  OR  #4  PLUS  #5  AND  #6  PUMP 

591 

130 

The  installed  capacity  of  the  station  is  841  x  1 0^  m^/d;  the  firm  capacity  (with  the  largest 
pump  out  of  service)  is  650  x  1 0^/d. 
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C.3Q)  Backwash  Treatment  and  Sludge  Disposal 

All  backwash  waste  water  is  discharged  to  a  1200  mm  diameter  sewer  leading  directly 
to  the  nearby  Woodward  Avenue  Sewage  Treatment  Plant  The  washwater  sewer 
discharges  to  the  Hamilton  Sanitary  Trunk  Interceptor  just  before  It  enters  the  main 
pumping  station.  Prior  to  1980  the  wash  water  was  discharged  to  Red  Hill  Creek.  A 
study  of  the  plant  waste  is  contained  in  Appendix  D. 

The  sedimentation  tanks  are  cleaned  every  4  months  on  average.  By  that  time  3  to  5  cm 
of  sludge  has  accumulated.  Only  one  basin  is  cleaned  at  a  time,  leaving  3  in  operation. 
Approximately  4  m  of  water  from  the  top  of  the  tank  is  discharged  to  Red  Hill  Creek  and 
the  remaining  water  and  sludge  is  sent  to  the  sewage  treatment  plant  The  sludge  is 
flushed  witii  high  pressure  hoses. 

0.4     Chemical  Systems 
C.4{a)  Disinfectant 

Process 

Disinfection  of  the  water  is  achieved  with  chlorine  and  ammonia;  a  pre-treatment  dose  of 
chlorine  is  applied  to  the  raw  water  and  after  treatment,  ammonia  is  added  to  tum  the 
chlorine  residual  from  free  chlorine  is  not  combined  chlorine.  Pre-chlorine  is  added  at  a 
dose  that  will  result  in  the  maintenance  of  a  free  chlorine  residual  throughout  the 
treatinent  process.  This  residual  is  then  changed  to  combined  chlorine  and  no  post- 
chlorination  is  usually  required.  The  desired  finished  water  total  chlorine  residual  is  0.80 
mg/L  and  tiie  pre-chlorine  dose  to  maintain  the  residual  is  generally  1 .5  to  3  mg/L  The 
mean  ammonia  dose  is  0.21  mg/L 
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When  the  plant  starts  operation  in  the  evening,  the  chlorine  residual  from  the  pre- 
chlorination is  sometimes  low.  This  depends  on  the  amount  of  water  Steico  has  used 
during  the  day.  that  is,  on  the  length  of  time  the  water  has  been  in  the  treatment  plant 
following  chlorination.  If  the  residual  is  low,  chlorine  is  added  in  the  post-treatment  stage 
for  the  first  two  hours  of  operation  (approximately)  to  ensure  the  water  has  been 
sufficiently  disinfected. 

If  the  chlorine  residual  in  the  fitter  effluent  is  too  high,  the  water  can  be  dechlorinated  with 
sulphur  dioxide.  However,  the  dechlorination  system  has  rarely  been  required. 

The  desired  form  of  combined  chlorine  residual  is  monochloramine  which  is  formed  in  the 
following  reaction  of  chlorine  and  ammonia  in  dilute  aqueous  solutions: 

HOCl  +  NH3  -  NH2CI  (monochloramine)  +  H2O 

This  reaction  occurs  when  the  ratio  of  chlorine  to  ammonia  is  less  than  5:1  by  weight  (at 
pH  7).  If  the  ratio  is  larger,  some  of  the  monochloramine  starts  to  form  dichloramine  by 
the  reaction: 

NH2CI  +  HOCO  -  NHCI2  (dichloramine)  +  H2O 

Some  nitrogen  trichloride  (NCI3),  the  third  form  of  combined  chorine,  will  form  if  the 
chorine  to  ammonia  ratio  reaches  1 5:1  by  weight.  (Handbook  of  Chlorination.  G.C.  White, 
1972) 

Monochloramine  is  not  as  efficient  as  free  chlorine  for  disinfection,  but  a  monochloramine 
residual  lasts  much  longer  than  a  free  chlorine  residual. 
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For  this  reason,  the  Hamilton  water  is  first  treated  with  free  chlorine  for  disinfection  and 
then  the  residual  is  changed  to  monochloramine  to  lengthen  the  life  of  the  residual  in  the 
distribution  system.  It  is  important  to  prevent  the  formation  of  dichloramine  and  nitrogen 
trichloride  because  these  compounds  can  cause  taste  and  odour  problems  in  low 
concentrations  (0.08  mg/L  and  0.02  mg/L  respectively). 

With  a  chlorine  residual  of  approximately  0.8  mg/L  and  an  ammonia  dose  of  0^  mg/L, 
the  fomn  of  continued  residual  should  be  monochloramine.  A  potential  complication  in 
this  process  is  the  presence  of  ammonia  and  organic  nitrogen  in  the  raw  water.  Because 
the  pre-chlorine  dose  is  high  relative  to  the  confrontation  of  these  naturally  occuning 
compounds,  dichloramine  and  nitrogen  trichloride  may  form  during  the  treatment 
process. 
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Equipment 


CHLORINE 


PRE-CHLORINE  INJECTION  AND 
CHLORINE  .ANALYSER 


:HL0RINE  STORAGE  TANKS 
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Liquified  chlorine  supplied  by  Stanchem  for  both  the  water  plant  and  the  sewage  plant 
is  stored  in  two  90-tonne  tank  cars  located  outside  the  water  plant  chlorine  building.  Four 
Wallace  and  Tieman  evaporators,  type  A785  each  with  a  capacity  of  3,600  kg/d,  convert 
the  liquid  chlorine  to  gas  for  use  at  both  plants.  There  is  space  available  for  a  fifth 
evaporator  if  required  in  the  future. 

There  are  seven  chlorinators,  three  for  pre-chlorination  (one  for  each  module  and  one 
standby),  two  for  post-chlorination  and  two  for  the  sewage  treatment  plant  The  water 
plant  chlorinators  have  the  following  capacities: 

Pre-chlorine:  Wallace  and  Tieman  type  A821     1800  kg/d 

Post-chorine:  Wallace  and  Tieman  type  A721    227  kg/d 

Before  application,  the  chlorine  gas  is  mixed  with  service  water  to  form  a  chlorine  solution. 

Pre-chlorination  takes  place  Inside  the  raw  water  inlet  pipe  prior  to  rapid  mixing.  The 
chlorine  gas  is  piped  via  50  mm  diameter  vacuum  lines  to  the  rapid  mix  area.  Injectors 
mix  the  gas  with  service  water  and  the  solution  is  piped  25  m  into  the  water  inlet  pipe  and 
added  to  the  raw  water  through  a  100  mm  diameter  solution  diffuser. 

The  pre-chlorine  dose  is  monitored  by  two  Wallace  and  Tiernan  chlorine  analyzers  which 
have  a  range  of  0  to  2  mg/L  and  which  are  fed  by  sample  lines  located  at  the  end  of  the 
rapid  mix  chambers. 

The  post-chlorination  injectors  are  located  in  the  crawl  space  below  the  chlorine  building. 
The  solution  is  piped  to  the  cleanwells  via  PVC  pipes  (75  mm  diameter  to  Module  1  and 
100  mm  diameter  to  Module  2)  after  passing  through  50  mm  rotameters.  The  post- 
chlorine  diffusers  are  located  just  past  the  weirs  at  the  entrance  to  the  clearwells. 
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Post-chlorine  analyzers  which  are  fed  by  sample  lines  in  the  dearwells,  are  located  in  the 
Chlorine  Building.  As  well,  a  final  chorine  analyzer  which  monitors  the  finished  water 
discharged  to  the  distribution  system  is  located  int  the  High  Lift  Station. 

AMMONIA 

Anhydrous  ammonia,  also  supplied  by  Stanchem  is  stored  In  a  5,000  kg  tank  located  at 
the  east  end  of  the  fitter  building.  There  are  two  Wallace  and  Tieman  ammoniators  which 
hold  capacities  of  50  kg/day  during  the  study  period  for  this  report  In  October  1987, 
ammoniator  no.  1  was  replaced  with  a  136  kg/d  at  capacity  Wallace  and  Tieman  series 
60-225  ammoniator,  and  the  Module  2  unit  is  scheduled  for  replacement  in  1988.  This 
replacement  was  necessary  because  at  maximum  flows,  the  capacity  of  the  old 
ammoniators  was  barely  sufficient  to  dose  at  the  required  rate  and  at  times  It  was  not 
possible  to  convert  all  of  the  free  chlorine  residual  to  a  combined  residual. 

The  ammonia  application  points  are  In  the  filtered  water  conduits.  The  diffijsers  are 
directional  and  can  be  pointed  upstream  or  downstream  depending  on  whether  SOg  is 
being  used.  This  allows  for  some  flexibility  in  the  length  of  contact  time  available  for  each 
chemical  before  the  next  chemical  is  added. 

SULPHUR  DIOXIDE 

Sulphur  dioxide  for  dichlorination,  supplied  by  Stanchem,  is  stored  in  two  0.9-tone 
cylinders  in  the  chorine  building.  There  are  two  Wallace  and  Tieman  evaporators  (model 
A-785),  each  with  a  capacity  of  1 ,360  kg/day,  and  two  Wallace  and  Tieman  sulphonators 
also  with  1 ,360  kg/day  capacities.  The  SO2  gas  injectors  are  located  in  the  crawl  space 
below  the  chlorine  building.  The  solution  is  then  piped  to  the  filtered  waste  conduits  via 
PVC  pipe  (100  mm  for  Module  2,  75  mm  for  Module  1). 


55 


The  SO2  is  diffused  into  the  filtered  water  just  before  it  leaves  the  filter  building. 

Dosage  Control 

The  dosage  control  for  the  application  of  pre-chlorine  is  a  compound  loop  system.  The 
primary  control  is  the  raw  water  flow  as  measured  by  the  Venturi  meters.  The  secondary 
control  which  fine-tunes  the  chlorine  dose  is  a  chorine  residual  reading  which  is  taken 
approximately  1 0  minutes  after  the  chlorine  is  applied.  On-line  chlorine  analyzers  monitor 
the  residual  and  automatic  controls  adjust  the  chorine  dose  to  maintain  the  residual  at  a 
predetermined  level.  The  desired  residual  at  tiiis  first  analyzer  is  approximately  1 .0  mg/L 
in  winter  and  1 .2  mg/L  in  summer.  The  dose  to  maintain  the  residual  is  generally  1 .5  to 
3  mg/L 

The  selection  of  doses  for  post-chlorine  and  sulphur  dioxide  is  a  manual  process  based 
on  operator  experience.  The  operators  monitor  the  readings  of  the  five  chlorine  analyzers 
and  adjust  the  dose  as  necessary. 

Ammonia  is  added  to  the  water  at  a  fixed  dosage  based  on  the  experience  of  the 
operators.  The  monthly  mean  dose  for  1984  to  1986  was  0.21  mg/L 
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C.4(b)  Coagulant 


ALUMINUi\4  SULPHATE  STORAGE  TANKS 
Dosing  Pump  and  Flow  Control  Panel 
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Liquid  aluminum  sulphate  (AlgCSOJa.lAHgO)  in  a  48.5%  concentration  is  used  for 
coagulation.  It  is  supplied  by  General  Chemical  and  is  stored  in  two  50  m^ 
polypropylene-lined  wood  stave  storage  tanks,  one  for  each  module,  located  on  the 
basement  level  of  the  pretreatment  chemical  building.  Alum  is  applied  after  pre- 
chlorination at  the  inlet  to  the  rapid  mixers  by  two  0.7  KW  dosing  pumps.  The  capacity 
of  these  pumps  at  maximum  pressure  is  183.5  IGPH  (834U/hr  or  IS.SUmin.).  However, 
the  maximum  reading  on  the  Wallace  and  Tieman  rotameters  which  measure  the  alum 
flow  is  1.9  IGPM  (8.6L/min.).  The  alum  injection  point  is  in  the  rapid  mix  chamber  dose 
to  the  first  mixing  unit. 

The  alum  dose  applied  is  based  on  the  experience  of  the  plant  operators;  jar  tests  are 
not  performed.  Generally,  witii  raw  water  turbidity  of  approximately  2  NTU,  alum  is  added 
at  a  dose  of  3  mg/L  as  dry  aluminum  sulphate.  When  turbidity  goes  up  to  5  or  6  NTU, 
the  alum  dose  is  increased  to  approwmately  5  mg/L  as  dry  alum.  The  flow  measurement, 
which  the  alum  addition  is  based  on,  is  the  raw  water  flow  from  the  Venturi  meters. 
Section  E.2  contains  graphs  of  raw  water  turbidity  versus  alum  dose  for  April,  July  and 
December,  1984  to  1986. 
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C.4(c)  Ruoride 


HYDROFLUQSILIC  ACID  STORAGE  TANK 
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Hydrofluosilic  acid  (HgSiFe  in  a  25%  F  concentration)  is  stored  in  a  45  m^  tank  outside  the 
Fluoride  Building  and  is  transfen-ed  to  a  Z3  m^  day  tank  inside  the  building  using 
compressed  air  piped  from  the  filter  building.  The  acid  is  supplied  by  Min-Chem  Canada 
Ltd.  There  are  three  metering  pumps,  each  with  a  150  LVhour  capability.  Two  pumps  are 
used  at  a  time  with  the  third  on  standby.  The  fluoride  is  pumped  to  the  injection  points 
at  the  entrance  of  the  clearwells  via  a  75  mm  diameter  pipe  to  Module  2  and  a  50  mm 
pipe  to  Module  1 .  The  rate  of  HgSiFS  addition  is  controlled  by  an  electric  signal  of  the 
Total  High  Lift  Discharge  Flow  sent  to  the  dosing  pumps.  The  desired  fluoride  residual 
as  measured  by  the  laboratory  is  1,0  mg/L 

C.5     SampiinQ 

The  raw  water  used  by  the  laboratory  for  their  analysis  comes  from  the  water  plant  via 
a  12  mm  diameter  PVC  sample  line.  The  specifics  of  this  line  are: 


Length: 

600-700  m 

Flow: 

4.6  L/min. 

Velocity: 

0.6  m/s 

Time  of  Travel: 

16  to  20  minutes 

Water  flows  through  this  line  continuously. 

The  laboratory  staff  take  finished  water  samples  for  analysis  from  a  distribution  system 
water  main  through  a  tap  in  the  laboratory  building.  The  tap  is  kept  open  so  that  water 
is  running  at  all  times.  All  other  samples  are  collected  by  plant  or  laboratory  personnel 
at  the  source.  Details  of  the  sampling  program  are  contained  in  Section  D.6. 
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C.6     Process  Automation 

The  flow  of  water  through  the  plant  is  controlled  and  monitored  by  a  control  system  which 
consists  of  30  loops  to  balance  flow  conditions  throughout  the  process.  The  chemical 
feed  rates,  including  alum,  pre  and  post-chlorine,  ammonia,  sulphur  dioxide  and  fluoride, 
are  controlled  by  the  filtered,  raw  and  total  discharge  flows.  Bectric  and  variable  vacuum 
signals  transfer  the  flow  information  to  control  the  dosing  rate  of  these  chemicals. 

A  computerized  process  monitoring  and  flow  control  system  is  being  installed  in  the  plant 
with  the  design  and  installation  being  conducted  by  Regional  staff.  At  the  time  of  the 
writing  of  this  report  some  of  the  computerized  components  were  in  place  but  none  were 
operational. 

C.7     Standby 

The  Hamitton-Wentworth  water  plant  has  no  emergency  power  for  operation  in  the  event 
of  a  power  failure.  Enough  standby  power  is  available  to  dose  valves  and  a  dewatering 
pump  in  the  High  lift  station  can  prevent  the  basements  of  the  buildings  from  flooding. 
Othenwise,  no  water  can  be  treated  or  pumped  during  a  power  intenuption. 
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SECTION  D 
PLANT  OPERATION 


D.        PLANT  OPERATION 
D.1.     General  Description 

The  Regional  Municipality  of  Hamllton-Wentworth  Water  Treatment  Plant  is  a  conventional 
facility  utilizing  coagulation,  sedimentation  and  filtration.  It  Is  a  large  plant,  treating  an 
average  of  approximately  300,000  m^/day  and  serving  a  population  of  385,000.  From  the 
treatment  plant  water  is  pumped  to  the  distribution  system  which  includes  seven 
reservoirs,  eleven  booster  stations  and  ten  pressure  districts. 

To  save  on  hydro  costs,  the  plant  operates  only  at  night  Monday  to  Friday  and  24  hours 
per  day  fiom  Friday  night  to  Monday  morning.  By  avoiding  the  peak  demand  hours  for 
electricity,  the  plant  has  reduced  its  electricity  cost  substantially;  the  estimated  savings 
are  approximately  $200,000  per  year. 

There  has  been  a  water  supply  facility  on  the  site  since  1 859.  The  significant  expansions 
include  the  addition  of  the  east  filter  building  wing  in  the  late  1 950's  and  some  major 
renovations  in  1 973-74.  These  involved  new  chlorination  facilities  and  the  addition  of 
dearwell  #2  and  the  flocculation  basins.  The  chlorination  equipment  was  relocated  again 
in  1984.  The  filters  were  also  renovated  in  1984-85;  new  underdrain  systems  were 
installed  and  the  filter  media  was  replaced. 

A  pumpage  rate  is  set  at  the  beginning  of  each  month  and  this  rate  is  not  changed 
unless  there  is  an  emergency  or  the  reservoir  water  levels  drop  more  than  20%  per  day. 
This  pumping  rate  is  based  on  a  combination  of  High  Lift  pumps  and  the  Low  Lift  pumps 
are  set  to  supply  enough  water  for  the  finished  water  flow  for  Stelco's  requirement  and 
for  backwash  water. 
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The  filters  are  operated  at  a  rate  of  approximately  27,000  m^/d  (6  MIGD)  which  is  25% 
below  their  rated  capacity.  To  determine  the  number  of  filters  to  use  at  a  time,  the 
operator  divides  the  set  pumping  rate  by  this  filter  rate. 

The  water  plant  personnel  includes  the  Superintendent  and  five  teams  of  operating  staff. 
Each  team  consists  of  a  shift  foreman,  two  operators  (Class  1),  and  one  assistant 
operator.  Of  the  operators,  one  is  In  charge  of  the  High  Lift  station  and  distribution 
system  and  the  other  works  in  the  Filter  Building  and  oversees  the  treatment  of  the  water. 
The  teams  rotate  on  twelve  hour  shifts  an  there  is  operational  staff  on  duty  at  all  times, 
even  when  the  plant  is  not  running  during  weekdays.  Maintenance  duties  are  looked 
after  by  the  Maintenance  Department;  there  are  maintenance  staff  and  janitorial  staff  in 
the  water  plant  during  regular  daytime  hours  Monday  to  Friday. 

The  maintenance  and  calibration  of  all  instruments  is  handled  by  Maintenance  Department 
personnel.  Operating  staff  do  not  adjust  any  of  the  monitoring  or  control  equipment, 
including  on-line  turbidimeters  and  analyzers.  On-line  instruments  and  analyzers  are 
calibrated  twice  weekly. 
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D2.      Flow  Control 


CENTRAL  FILTER  BUILDING  CONTROL  PANEL 


HIGH  LIFT  STATION  CENTRAL  CONSOLE 
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The  plant  is  equipped  with  an  automatic  flow  control  system  which  monitors  the  level  of 
water  in  the  dearwells,  the  flow  through  the  filters  and  the  water  level  in  the  settled  water 
conduit  It  uses  these  measurements  to  control  flow  through  the  plant  There  are  30 
Control  System  Loops  with  the  following  designations: 


Loop 

Number 

Control  Svstem 

1-24 

Local  filter  rate  control  system 

25 

Clearwell  Control 

26 

Wash  water  level  control 

27 

V\/ash  water  flow  control 

28 

Total  fitter  flow 

29  and  30 

Raw  water  flow  control 

The  precise  filter  rate  is  based  on  the  clearwell  level.  A  pneumatic  signal  of  the  level  is 
sent  from  the  clearwell  to  the  Manual/Automatic  Master  Rate  Setter  in  the  Central  RIter 
Control  Panel  which  is  manually  set  at  the  desired  fiow  rate.  A  pneumatic  signal  is  in  turn 
sent  to  the  RIter  Flow  Rate  Controller.  An  additional  controller,  a  Ramp  Generator,  allows 
for  a  gradual  increase  in  the  filter  rate  setting  on  start-up  of  a  dean  fitter. 

To  control  raw  water  flow,  the  total  filter  flow  is  transmitted  via  pneumatic  and  electrical 
signals  to  the  Master  Rate  Setter.  It  sends  an  electrical  signal  to  the  Raw  Water  Row 
Rate  Controller  which  adjusts  the  position  of  the  main  butterfly  valves  located  at  the 
beginning  of  the  treatment  modules  (beside  the  venturi  meters).  An  electrical  signal  of 
the  water  level  in  the  settled  water  conduit  provides  a  secondary  adjustment  to  the 
butterfly  valve  movement. 
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D.3      Disinfection  Practices 

The  raw  water  is  chlorinated  for  disinfection  prior  to  rapid  mixing.  This  pre-chlorine  is 
added  at  a  dose  that  will  maintain  a  free  chlorine  residual  throughout  the  treatment 
process.  Following  filtration,  ammonia  is  added  to  the  water  to  change  the  form  of  the 
chlorine  from  free  to  combined.  No  pbst-chlorination  is  usually  required. 

The  pre-chlorine  dose  is  generally  1 .5  to  3.0  mg/L  and  this  results  in  a  filtered  water  free 
chlorine  residual  of  approximately  0.8  mg/L  To  change  this  to  combined  chlorine,  a  dose 
of  approximately  02  mg/l  ammonia  was  applied  (until  1987).  The  ammonia  dose  has 
been  increased  to  0.3  mg/L  with  the  installation  of  new  ammoniators. 

Post-chlorination  is  sometimes  required  for  the  first  one  or  two  hours  after  start-up  of  the 
plant  This  is  due  to  the  fact  that  some  water  is  held  in  the  basins  and  filters  during  the 
day  when  the  plant  is  not  operating.  The  chlorine  residual  in  this  water  depends  on  the 
amount  of  water  used  by  Steico  during  the  day.  Steico  draws  water  from  the  flocculation 
and  sedimentation  tanks  and  this  water  is  replaced  with  more  pre-chlorinated  raw  water 
from  the  Low  Lift  Station. 

If  tiie  chlorine  residual  in  \he  filter  effluent  is  too  high,  tine  water  can  be  de-chlorinated  witii 
sulphur  dioxide.  This  is  not  usually  required.  On  the  few  occasions  it  has  been  used 
(during  taste  and  odour  events),  tiie  dose  has  been  less  than  0.5  mg/L 

The  following  is  a  list  of  application  points  and  average  doses  for  the  disinfection 
chemicals: 
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Chemical 

Location 

Average  Dose 

(Mean  of  Monthly 

Means,  1984-1986) 

Pre-chlorine 

in  raw  water  inlet  pipe 

1.8  mg/L 

Post-chlorine 

at  inlet  to  dearwells 

0.08  mg/L 

Ammonia 

in  filtered  water  conduit 

0.21  mg/L 

Sulphur  Dioxide 

in  filtered  water  conduit 
(before  ammoniation) 

n/a 

D.4     Operation  of  Specific  Components 
D.4(a)  Intakes 

There  are  three  intake  pipes,  however,  only  two  are  in  use  at  the  present  time.  The  older 
intake  (1525  mm  diameter)  was  constructed  in  1927.  The  2440  mm  diameter  intake  was 
designed  by  Proctor  and  Redfem  and  was  constructed  in  1967.  The  crib  on  this  intake 
is  a  concrete  and  fibreglass  structure  specifically  designed  to  protect  against  frazil  ice. 
Proctor  and  Redfem  received  an  award  for  their  design  of  this  crib. 

The  plant  does  not  have  the  facilities  to  completely  backflush  the  intake  pipes.  Each 
weekday  morning,  when  the  Low  Lift  pumps  are  turned  off,  the  water  level  in  the  wet  well 
rises  approximately  2  m.  This  level  then  subsides  which  produces  some  back  flow 
through  the  intakes,  however,  the  volume  of  water  is  much  less  than  that  contained  in  the 
intake  pipes. 


D.4(b) 


Screening 


The  raw  water  flows  through  two  sets  of  screens  before  reaching  the  Low  Lift  pump  well. 
The  bar  screens  with  an  operating  size  of  75  mm  prevent  large  debris  from  entering  the 
pumping  station. 
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The  bar  screens  are  cleaned  when  necessary,  but  there  is  rarely  any  buildup  of  material 
on  the  screens.  The  second  set  of  three  screens  (travelling)  prevent  material  larger  than 
6.4  mm  from  entering  the  station.  The  travelling  screens  are  cleaned  by  two  jet  pumps 
and  the  waste  water  is  collected  in  a  well  and  then  discharged  to  Red  Hill  Creek.  The 
debris  collected  on  the  screens  is  mostly  fish. 

The  cleaning  system  is  on  a  timer  which  initiates  a  six  minute  cleaning  cyde  once  per 
hour.  The  screens  are  equipped  with  a  differential  pressure  monitoring  system  with  the 
pressure  recorder  located  in  the  High  Lift  Station.  However,  when  the  cleaning  of  the 
screens  was  initiated  by  the  pressure  differential  (headless  of  0.6  m),  the  screens  were 
being  damaged.  There  is  less  damage  to  the  screens  with  the  timed  cleaning  system. 
Manual  initiation  of  the  cleaning  cycle  is  possible  from  the  High  Lift  Building  or  in  the  Low 
Lift  Station. 

There  is  not  a  regular  routine  for  inspection  of  the  screens.  Generally,  they  are  examined 
when  there  is  a  problem  with  their  operation. 

D.4(c)  Low  Lift  Pumping 

Six  Low  Lift  pumps  take  water  from  tine  lake  and  dump  it  to  the  main  treatment  plant 
which  is  approximately  550  m  away  across  the  Queen  Elizabeth  Highway.  The  operator 
selects  the  number  of  Low  Uft  pumps  to  use  based  on  a  pre-set  High  Lift  pumping  rate. 
The  Low  Lift  pumps  must  accommodate  the  High  Lift  flow,  plus  the  flow  to  the  Steico 
pumping  station  and  the  volume  of  water  required  for  backwashes. 

During  the  day,  when  the  water  plant  is  not  operating,  Steico  draws  water  out  of  the 
flocculation  and  sedimentation  tanks.  To  refill  the  basins,  the  daytime  operator 
periodically  starts  one  Low  Uft  pump. 


D.4(d)  Rapid  Mixing  and  Rocculation 

For  several  years  prior  to  late  1986,  the  rapid  mixers  were  not  used.  Alum  was  Injected 
into  the  raw  water  by  the  use  of  diffusing  rings.  In  October,  1 986,  the  rapid  mixers  were 
put  back  into  service  because  the  plant  personnel  suspected  that  the  alum  was  not  being 
well  mixed  into  the  water  prior  to  flocculation.  They  found  the  settled  water  turbidity  did 
improve  with  the  rapid  mixers  in  use.  The  injection  points  for  alum  have  also  been  moved 
closer  to  the  first  rapid  mixer  blades  to  improve  the  coagulation  process. 

No  jar  tests  are  performed  to  determine  the  alum  dosage.  The  minimum  alum  dose  is 
3  mg/L  as  dry  aluminum  sulphate.  With  raw  water  turbidity  levels  up  to  1 0  NTU,  the  initial 
alum  dose  in  mg/L  is  approximately  80%  of  the  turbidity  measurement  (.i.e.  turbidity  of 
8  ^^TJ,  initial  alum  dose  is  approximately  6.5  mg/L).  The  operator  then  "feathers"  the 
dose  back  to  optimize  the  process  and  maintain  the  treated  water  turbidity  at  as  low  a 
level  as  possible.  When  the  raw  water  turbidity  rises  above  1 0  NTU,  the  operator  selects 
an  initial  alum  dose  based  on  their  historical  experience. 

The  rapid  mix  and  flocculation  tanks  are  emptied,  cleaned  and  inspected  every  3  to  4 
months  when  the  sedimentation  tanks  are  cleaned. 

D.4(e)  Sedimentation 

The  sedimentation  tanks  are  cleaned  and  inspected  every  3  to  4  months  when  3  to  5  cm 
of  sludge  has  accumulated.  Only  one  basin  is  cleaned  at  a  time,  leaving  3  in  operation. 
Approximately  4  m  of  settled  water  is  pumped  from  tine  top  of  the  full  tank  to  Red  Hill 
Creek.  The  remaining  water  and  sludge  is  discharged  to  a  sewer  which  leads  directiy  to 
the  Woodward  Avenue  Sewage  Treatment  Plant  next  door  to  the  water  plant.  High 
pressure  hoses  are  used  to  wash  the  sludge  into  the  sewer. 
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D.4(f)  Rtters 

Each  filter  is  operated  at  a  rate  of  approximately  27000  m^/d  (6  MIGD).  The  operator 
determines  the  number  of  filters  needed  in  service  by  dividing  the  pre-set  High  Lift  flow 
by  this  filter  rate.  The  exact  filter  rate  is  determined  by  the  Automatic  flow  control  system. 
At  the  start-up  each  weekday  evening  or  when  a  clean  filter  is  put  back  into  service,  the 
full  rate  is  achieved  approximately  1 .5  to  2  minutes  after  being  turned  on.  Because  the 
plant  is  usually  operating  at  less  than  capacity,  filters  are  not  generally  put  back  into  use 
immediately  following  a  backwash. 

Backwash 


FILTER  GALLERY 

Gauge  on  Left  Indicates  Backwash  Water  Rise  Rate 

iauge  on  Right  Indicates  Level  in  Backwash  Water  Storage  Tank 


71 


A  backwash  filter  is  initiated  when  one  of  the  following  conditions  is  reached: 

1 .  The  fitter  has  been  in  use  for  72  hours. 

Z        The  fitter  effluent  turbidity  reaches  0.4  NTU. 

When  tiie  headless  tinrough  the  fitter  reaches  7.5  feet  (2.3  meters)  as  indicated  by  tine 
gauge  on  the  fitter  control  table,  the  operator  checl<s  the  fitter  effluent  turbidity.  This  is 
done  by  collecting  a  sample  from  the  discharge  pipe  and  measuring  the  turbidity  in  the 
plant  laboratory.  If  the  turbidity  is  less  tiian  0.4  NTU,  the  fitter  is  kept  in  operation  until  tiie 
effluent  turbidity  reaches  tiiat  level  or  until  tiie  fitter  has  been  in  operation  for  72  hours, 
whichever  occurs  first  A  backwash  is  then  initiated. 

The  following  is  the  procedure  used  to  backwash  a  filter.  The  operator  controls  the 
backwash  from  the  filter  table. 

1. .  Shut  influent  gate  and  allow  water  level  to  go  down  to  the  top  of  the 
troughs. 

2.  Shut  fitter  off. 

3.  Open  waste  valve  to  clear  water  out  of  the  troughs. 

4.  Turn  surface  wash  on  and  start  backwashing.  Bring  backwash  water  rise 
rate  to  12  inches/minute  (18  m/hr.) 

5.  When  backwash  water  tank  depth  descends  to  1 1  feet  (3.4  m),  increase 
backwash  water  rise  rate  to  25  inches/min.  (42  m/hr.). 

6.  When  backwash  water  tank  depth  reaches  5  feet  (1 .5  m)  observe  colour  of 
wash  water.  If  it  looks  clean,  terminate  the  wash.  If  necessary,  continue  the 
wash  unit  the  tank  level  reaches  4  feet  (1 .2  m). 

7.  To  terminate  backwash  shut  off  surface  wash  and  backwash,  and  close 
waste  valves. 
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8.  Open  influent  valve  and  allow  to  fill. 

9.  Turn  filter  on  If  required. 

Only  one  filter  is  backwashed  at  a  time.  With  two  backwash  pumps  being  used,  up  to 
four  backwashes  can  be  completed  per  hour.  One  backwash  pumps  starts  when  a 
backwash  is  initiated  and  a  second  pump  starts  when  the  wash  water  storage  tank  is 
drawn  down  to  3.4  m. 

D.4(g)  Qearweiis 

The  clearwells  are  cleaned  and  inspected  every  ten  years,  or  more  often  If  necessary. 
The  last  cleaning  was  in  1984  when  a  combination  of  construction  on  the  site  and  a 
heavy  rainfall  caused  flooding  and  infiltration  into  the  dearwells. 

D^     Chemicals 
D.5(a)  Chlorine 

Chlorine  Is  dosed  at  the  pretreatment  stage  so  as  to  maintain  a  residual  of  approwmately 
1 .0  to  1 .2  mg/L  after  approximately  1 0  minutes  contact  time  (at  the  pre-chlorine  analyzer). 
Generally  a  lower  residual  Is  maintained  in  the  winter.  The  desired  filtered  water  chlorine 
residual  Is  approximately  0.8  mgA_  The  operators  monitor  both  the  pre-chlorine  residual 
and  the  finished  water  residual  and  adjust  the  pre-chlorine  dose  as  necessary. 

Post-chlorination  is  usually  only  used  If  the  chlorine  residual  of  the  filtered  water  Is  low  at 
the  start-up  of  the  plant.  This  often  occurs  because  water  is  held  in  the  basins  during 
daytime  non-operating  hours.  The  level  of  the  chlorine  residual  is  partly  dependent  on 
the  amount  of  water  Steico  draws  out  of  the  flocculation  and  sedimentation  basins,  since 
this  water  is  replaced  with  pre-chlorinated  raw  water. 
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The  calculation  for  post-chlorine  dose  Is: 

Post  CI2  dose  =       Wt.  of  CI?  used 

volume  of  filtered  water 

The  volume  of  filtered  water  is  calculated  by  the  following  equation: 

Filtered  water  volume         =  Total  High  Lift  Flow 

+  Backwash  water  used 

+/-  Net  volume  change  in  dearwells 

D.5(b)  Alum 

The  plant  does  not  have  a  set  policy  on  the  dose  of  alum  as  related  to  the  raw  water 
turbidity;  the  operators  base  the  dose  on  their  experience  and  the  turbidity  of  the  finished 
water.  To  verify  the  alum  dose  the  metering  pumps  are  calibrated  twice  per  shift  or  when 
the  dosing  rate  is  changed  by  timing  how  long  it  takes  to  empty  a  graduated  cylinder. 
The  calculation  for  average  alum  dose  each  day  is: 

Alum  dose  =  Litres  of  alum  used  x  0.65  kg/L 

(as  dry  alum)  Low  lift  pumpage  -  Steico  pumpage 

D.5(c)  Sulphur  Dioxide 

Sulphur  dioxide  is  used  for  dechlorination,  but  it  is  very  rarely  needed.  The  average  daily 
SO2  dose  is  based  on  the  filter  water  flow: 

SOsdose  =    Wt.  of  SO?  used 

Volume  of  filtered  water 

D.5(d)  Ammonia 

Ammonia  is  added  after  filtration  to  change  the  free  chlorine  residual  to  monochloramine. 
The  dosage  is  set  on  a  fixed  rate  based  on  the  experience  of  the  operators.  With  a 
finished  chlorine  residual  of  0.8  mg/l_  the  ammonia  dose  is  approximately  0.2  mg/L 
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The  daily  ammonia  dose  calculation  is: 

NH3  dose:      Wt.  of  ammonia  used 
Volume  of  filtered  water 

D.5(e)  Ruoride 

Fluoride  is  dosed  so  as  to  maintain  a  residual  of  approximately  1.0  mg/L     The 
concentration  of  the  hydrofluosilic  add  solution  is  included  in  the  daily  dose  calculation. 

F-dose:  Wt.  of  H,  SiF.  used  x  0.25  (concentration) 

Volume  of  filtered  water 
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The  laboratory  is  located  at  the  Woodward  Avenue  Sewage  Treatment  Plant  next  to  the 
Water  Treatment  Plant  Both  raw  and  treated  water  is  analyzed  at  the  laboratory.  As  well, 
laboratory  personnel  visit  the  water  plant  during  plant  operation  to  calibrate  instruments 
and  collect  samples. 

The  raw  water  used  for  the  analysis  in  the  laboratory  is  obtained  from  a  sample  line  which 
extends  several  hundred  meters  from  the  entrance  to  the  treatment  facility  to  the 
laboratory  building.  On  this  water  the  following  analyses  are  performed: 


Raw  Water  Analysis 

Frequency 

Method 

pH 

twice  per  day 

electrode 

Ammonia 

hourly 

Nesslerization  method  with 

distillation                  | 

Alkalinity 

twice  per  day 

Titration  with  sulphuric  acid 

Total  Hardness 

twice  per  day 

EDTA  Titration  Method 

Chloride 

twice  per  day 

Mercuric  Nitrate  Titration 
Method 

Fluoride 

twice  per  day 

SPADNS  Method 

Turbidity 

hourly 

Turbidimeter 

Total  Coliform  Bacteria 

three  times  per  day 

Membrane  Filter 

Fecal  Coliforms 

three  times  per  day 

Membrane  Filter 

Algae 

not  done  during  this  period 
of  study 

Identification  &  Counting 

(All  methods  are  based  on  Standard  Methods  for  the  Examination  of  Water  and 
Wastewater) 


The  finished  water  used  for  the  analyses  is  taken  from  the  distribution  system  through  a 
tap  in  the  laboratory  building.  The  tap  is  kept  open  so  that  water  is  running  at  all  times. 
The  analyses  perfonned  on  this  water  is  as  follows: 
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Rnished  Water 
Analysis 

Frequency 

Method 

PH 

twice  per  day 

electrode 

Ammonia 

three  times  per  day 

Nesslerization  method  with 
distillation 

Alkalinity 

twice  per  day 

Titration  with  sulphuric 
acid 

Fluoride 

twice  per  day 

SPADNS  method 

1          Turbidity 

hourly 

Turbidimeter 

Free  chlorine 

hourly 

DPDfen-ous 

Total  chlorine 

hourly 

Titrimetric  method 

1    Total  plate  count 

two  to  six  times  per  day 

Presence-absence 
test 

■ 

three  to  seven  times  per  day 

5  day  test  mannitoi  salt 

agar  test  performed  if 

sample  becomes  acidic, 

complete  set  of 

contamination  tests 

performed  if  gas  produced 

in  P-A  bottie 

(All  methods  are  based  on  Standard  Methods  for  the  Examination  of  Water  and 
Wastewater) 

A  laboratory  technician  visits  the  water  plant  twice  per  operating  shift.  The  purpose  of 
these  visits  is  to  calibrate  the  five  on-line  chlorine  analyzers  in  the  plant.  One  is  located 
in  the  High  Lift  station,  two  are  in  the  chlorine  building  for  post-chlorine  monitoring  and 
two  are  in  the  tunnels  at  the  north  end  of  the  plant  for  pre-chlorine  monitoring.  Water 
samples  are  collected  at  each  analyzer  and  taken  to  the  filter  building  for  chlorine 
analysis.  The  results  of  these  tests  are  recorded,  but  are  not  included  with  the  other  lab 
data.  The  technician  adjusts  the  analyzers  if  necessary. 


Figure  8  shows  the  various  sampling  points  in  relation  to  the  treatment  process. 
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D.7      Process  Automation 

Automation  of  the  Hamilton-Wentworth  plant  includes  a  flow  control  and  balancing 
system,  and  a  chemical  dosing/feeding  system.  Othenwise,  the  treatment  of  the  water  is 
not  automated  and  operator  input  experience  and  understanding  of  the  processes  are 
integral  to  the  successful  operation  of  the  plant  There  is  not  an  automatic  data  collection 
or  storage  system  other  than  for  flow  data.  A  computerized  process  monitoring  and 
operating  system  is  being  installed,  but  it  is  not  yet  in  operation. 
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D.8      Daily  Shift  Duties 

The  operators  on  duty  are  responsible  for  completing  three  daily  logs  which  contain  the 
following  general  information: 

Filter  Buildino  Log: 

fitter  data;  headloss,  length  of  runs,  rate 
chemicals  used  and  dosages 
finished  water  turbidity  and  chlorine  residual 
total  flows:  raw,  washwater.  High  Lift 
dearwell  levels 
Low  Lift  Pumpino  Station  Loo: 
low  lift  pumpage  and  rates 
raw  water  valve  positions 
hours  each  pump  is  run 
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No.  1  District  Pumping  Station  Log: 
high  lift  pumpage  and  rates 
#1  reservoir  levels 

hours  each  pump  is  run-SteIco  pumpage, 
maximum  pumping  rate  and  station  head. 

Samples  of  these  logs  are  contained  in  Appendix  C.  As  well,  at  the  end  of  each  month 
a  summary  of  plant  flows  and  chemical  doses  and  a  record  of  "Utilities  and  Materials 
Consumption"  are  produced.  Examples  of  these  reports  can  also  be  found  in  Appendix 
C. 

While  the  plant  is  running,  the  assistant  operator  walks  through  the  plant  every  two  hours, 
collecting  samples  and  checking  instruments.  A  list  of  these  activities  follows: 

check  alum  flow  .  . 

check  pre-chlorine  analyzer  for  each  module  (note  pressure) 

record  raw  water  turbidity  meter  reading 

check  alum  dosing  pumps 

twice  per  shift  or  when  dosing  rate  is  changed,  calibrate  the  dosing  pumps 
by  timing  how  long  it  takes  to  empty  a  graduate  cylinder 

in  the  High  Lift  station  collect  a  finished  water  sample  from  the  discharge 
line 

record  weight  of  Hydrofluosilicic  acid  day  tank  in  the  Fluoride  Building 

in  the  Chlorine  Building  check  the  gas  pressure  and  the  injector  suction  of 
the  pre-chlorinators 
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check  post-chlorinators 

check  the  temperature  and  pressure  in  the  evaporators  and  the  water  level 
in  the  evaporator 

collect  a  sample  from  clearwell  #2 

record  settled  water  turbidity  meter  reading  for  modules  1  and  2 

check  the  raw  water  temperature  (indicator  in  filter  building) 
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SECTION  E 
PLANT  PERFORMANCE 


E.        PLANT  PERFORMANCE 
E.1      General  Overview 

The  water  treated  at  the  Hamilton-Wentworth  plant  is  generally  of  very  high  quality.  With 
respect  to  particulate  removal,  the  average  treated  water  turbidity  for  the  study  period 
was  0.38  NTU.  The  bacteriological  quality  of  the  water  is  also  good.  No  positive 
presence-absence  test  results  were  reported  and  no  total  plate  count  result  exceeded 
500  organisms/ml  in  the  study  months. 

In  1986,  the  long  time  Plant  Superintendent  retired.  Since  that  time,  with  new  supervisory 
personnel  at  the  plant,  the  interest  in  improving  plant  performance  and  optimizing  all 
aspects  of  the  process  has  increased.  Walter  Furry,  the  current  plant  Superintendent, 
has  been  working  hard  at  improving  the  awareness  and  interest  level  of  the  staff  which, 
is  one  of  the  most  important  and  effective  optimization  tools.  As  well,  in  the  past  two 
years,  several  studies  to  investigate  performance  improvement  methods  have  been 
initiated. 

Consumer  complaints  are  handled  by  laboratory  personnel.  Most  of  the  complaints 
concern  water  pressure  rather  than  water  quality.  However,  some  calls  regarding  chlorine 
taste  and  odour  are  received.   Records  of  complaints  are  not  kept. 

E5      Particulate  Removal 
E^(a)  Raw  Water  Quality 

The  particulate  removal  summary  and  particulate  removal  profiles  for  1984  to  1986  are 
contained  in  Appendix  A  (Tables  2.0  and  2.1  respectively).  These  tables  contain 
information  on  raw  and  treated  water  turbidity,  the  alum  dose,  raw  and  treated  water  pH 
and  temperature  of  the  raw  water; 
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Table  2.0  contains  monthly  maximums,  minimums  and  means,  and  Table  2.1  contains  the 
daily  means  for  the  months  of  April,  July  and  December. 

The  turbidity  of  the  raw  water  is  measured  and  reported  at  two  locations.  The  laboratory 
staff  takes  turbidity  readings  and  records  them  on  the  daily  laboratory  sheets.  The 
turbidity  is  also  measured  at  the  water  plant  and  a  daily  average  is  reported  on  the  plant's 
monthly  report.  The  raw  water  turbidity  values  from  the  two  sources  vary.  The  raw  water 
used  by  the  laboratory  for  their  analyses  comes  from  the  water  plant  via  a  sample  line 
several  hundred  meters  in  length.  Although  water  is  running  through  the  pipe  at  all  times, 
some  changes  in  the  water  quality  may  take  place  within  the  sample  line.  The  graphs  in 
Figure  9  show  this  variance  in  turbidity  values.  This  may  be  due  to  one  or  more  of: 
water  quality  changes  in  the  sample  line,  sampling  at  different  hours,  a  difference  in  the 
calibration  and/or  operation  of  the  turbidimeters.  The  difference  in  magnitude  of  the  two 
means  is  usually  all  (less  than  2  NTU),  but  because  the  values  are  also  low,  the  difference 
is  noticeable.  For  consistency,  the  comparison  of  turbidity  made  in  this  section  will  be 
using  the  plant  raw  turbidity  data  since  these  are  the  values  available  to  the  plant  staff 
when  they  set  the  alum  dose. 

Figure  10  shows  the  monthly  maximum,  mean  and  minimum  raw  water  turbidity  readings 
for  1 984  to  1 986.  The  incoming  turbidity  is  quite  low  with  the  monthly  mean  consistently 
below  7  MTU.  The  highest  raw  turbidity  for  the  three  year  period  was  20.7  NTU  in 
December,  1986.  (A  high  of  33  NTU  was  recorded  at  the  laboratory  in  April  1985.)  The 
operators  can  usually  predict  a  rise  in  the  turbidity  by  watching  the  weather.  Storms  with 
easterly  winds  off  the  lake  generally  mean  higher  raw  water  turbidities. 
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TURBlDITf    (NTU) 


E-2(b) 


Particulate  Removal 


The  following  table  shows  raw  water  turbidity  values  greater  than  1 0  NTU  for  the  study 
period,  the  corresponding  alum  dose  and  the  resulting  treated  water  turbidities  (data  are 
daily  averages): 


Date 

Raw 

Turbidity 

(NTU) 

Alum 
Dose 
(mg/L) 

Treated 

Turbidity 

(NTU) 

Flow 
(1000 
m3/d) 

Hr.  of 
Operation 

Sed. 

D/F 

Rate 

(m/hr) 

Filter 
Rate 
(m/hr) 

TTiurs.Apr.5/84 

15.0 

10.6 

0.49 

252 

13.5 

1.72 

7.52 

Fri.Dec.  14/84 

14.5 

4.3 

0.26 

223 

13.5 

1.52 

7.99 

SaLDec.  15/84 

17.5 

7.1 

0.39 

404 

24 

1.55 

8.44 

SuaDec.  16/84 

10.0 

6.3 

0.31 

372 

24 

1.42 

7.78 

Fri.Dec^1/84 

11.5 

4.7 

0.28 

227 

13.5 

1.54 

8.13 

MoaApr.1/85 

11.0 

9.1 

0.90 

186 

13.5 

1.27 

8.14 

Thurs.Dec.4/86 

10.4 

6.3 

1.00 

227 

13.5 

1.54 

7.62 

Mon.Dec.8/86 

14.4 

5.1 

0.30 

201 

13.5 

1.37 

7.45 

Thurs.Dec.25/86 

20.7 

9.2 

not 
measured 

81 

13.5 

0.55 

6.30 

As  can  be  seen  from  the  above  table,  an  occurrence  of  high  turbidity  usually  lasts  one 
to  three  days.  These  high  turbidity  events  included  a  range  of  flow  conditions  from  very 
low  to  above  average. 

The  filter  rates  on  the  occasions  in  1986  were  approximately  two-thirds  of  the  new  filter 
design  rate  of  1 1 .4  m/hr.  The  filter  rates  of  the  1 984  and  1 985  events  were  all  below  the 
former  filter  rate  of  8.6  m/hr.  The  sedimentation  overflow  rates  ranged  from  0.6  to  1 .7 
m/hr. 
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Unfortunately,  there  is  not  a  record  of  settled  water  turbidity  or  filter  effluent  turbidity.  The 
treated  water  turbidity  on  all  of  these  occasions  met  the  Provincial  Water  Quality  Objective 
of  1 .0  NTU.   However,  two  readings  were  at  or  near  the  criteria. 

The  mean  treated  water  turbidity  for  the  study  period  was  0.38  NTU  and  the  range  of 
values  was  0.13  to  1.27  NTU.  The  PWQO  of  1  NTU  was  exceeded  only  one  time  in  the 
9  study  months. 

The  alum  dose  versus  the  turbidity  was  not  consistent;  this  is  illustrated  by  the  graphs 
in  Figure  1 1 .  The  operators  base  their  selection  of  the  alum  dose  on  the  turbidity  reading 
and  on  their  experience.  In  the  past  two  or  three  years  the  use  of  alum  has  become 
more  conservative,  according  to  Walter  Furry.  The  operators  now  try  to  achieve  the  best 
possible  finished  water  using  the  minimum  amount  of  alum.  It  should  be  noted  that  the 
alum  dose  calculation  is  based  on  the  flow  of  raw  water  as  measured  by  the  venturi 
meters.  Since  the  accuracy  of  these  flow  measurements  is  questionable,  the  reported 
alum  dose  may  also  be  inaccurate. 
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FIGURE    n 
Turbidity   vs.    Ali 
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FIGURE    n     (cont 


EJZ{c)  Strategies  for  Optimum  Particulate  Removal 

Most  of  the  possible  strategies  to  improve  particulate  removal  at  the  plant  have  been 
acted  upon  by  the  Plant  Supervisor  since  this  study  began.  During  the  period  of  study 
for  this  report  (1984  to  1986)  the  treated  water  did  generally  meet  the  objectives  for 
particulate  removal.  However,  since  some  changes  in  personnel  at  the  plant  in  1 986  and 
1 987,  the  concem  for  optimizing  performance  has  increased.  Alternative  strategies  which 
have  or  could  be  investigated  are: 

1)  Installation  of  a  streaming  current  detector  (S.C.D.)  to  optimize  the  alum  dosage. 
The  S.C.D.  is  an  on-line,  charge  measuring  instrument  which  enables  the  plant 
operator  to  know  the  optimum  coagulant  dosage  at  all  times.  The  instrument  can 
be  installed  to  provide  a  signal  to  the  dosing  pumps  to  automatically  control  the 
rate  of  the  chemical  feed.  An  S.C.D.  would  provide  immediate  response  to 
changes  in  raw  water  turbidity  and  would  prevent  over  and  under-dosing  of  alum. 
The  accuracy  of  the  doses  calculated  at  the  present  time  is  not  known  (due  to 
questionable  flow  measurement).  The  S.C.D.  would  determine  the  optimum 
amount  of  alum  to  add  without  reliance  on  the  measurement  of  the  flow. 

A  test  with  streaming  current  detectors  on  loan  from  the  manufacturers  was 
conducted  in  January,  1988.  The  test  was  not  long  enough  to  provide  conclusive 
results. 

2)  Investigation  of  other  Coagulants  or  Flocculant  Aids: 

Tests  using  a  polyelectrolyte  flocculant  aid  were  carried  out  in  1 987  using  a  pilot 
scale  facility  at  the  water  plant  The  tests  were  discontinued  when  sever  mud- 
balling  of  the  filters  occurred. 
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A  full-scale  plant  test  was  cjonducted  in  January  -  Febmary,  1988  to  evaluate  the 
use  of  Stemson  polyaluminum  chlorine  (PAC)  as  a  prime  coagulant  It  was  found 
that  a  dose  of  0.5  mg/L  PAC  compared  favourably  with  an  alum  dose  of  3  mg/L 
The  tests  were  run  using  PAC  in  one  module  and  alum  in  the  other.  The 
particulate  removal  results  of  the  tests  were: 


MEAN 

RANGE 

Raw  Water    -  Turiaidity  (NTU) 
-  Aluminum  (mg/L) 

1.5 
0.02 

0.41-8.0 
0.01-0.22 



ALUM 

PAC 

Mean 

Range 

Mean 

Range 

MIXED  WATER 
-Aluminum  (mg/L) 
-Suspended  Solids  (mg/L) 

0.21 
3.5 

0.06-0.53 
0.8-18 

0.37 
5.0 

0.01-2  20 
1.0-27 

SETTLED  WATER 
-Turbidity  (NTU) 
-Aluminum  (mg/L) 
-Suspended  Solids  (mg/L) 

1.50 
0.18 
2.8 

0.48-5.5 

0.08-0.57 

1.0-0 

1.6 
0.05 
3.6 

0.12-5.2 

0.01-0.38 

0.4-13 

FILTERED  WATER 
-Turbidity  (NTU) 
-Aluminum  (mg/L) 

0.37 
0.03 

0.10-2.0 
0.01-0.20 

0.39 
0.02 

0.11-0.70 
0.01-0.08 

CLEARWELL 
-Turtoidity  (NTU) 

0.41 

0.11-2.0 

0.39 

0.13-2.0 

NOTE:  Outlying  data  more  than  two  standard  deviations  from  the  mean  were 

discarded. 
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Although  PAC  costs  considerably  more  than  alum  on  a  volume  basis,  at  the 
compared  dosages  PAC  could  be  less  expensive  to  use.  However,  PAC  is  also 
known  to  be  most  effective  at  cold  water  temperatures.  Further  investigation  of 
PAC  will  be  conducted  in  warmer  weather.  As  well,  the  Plant  Superintendent  is 
planning  to  evaluate  another  prime  coagulation  from  General  Chemical  in  the  near 
future. 

3)        Fitter  Operation: 

Because  of  the  part-time  operation  of  the  plant  on  weekdays,  filters  are  tumed  off 
and  on  between  backwashes.  There  has  been  some  concern  that  this  practice 
reduces  the  quality  of  the  fitter  effluent.  The  fijil-scale  tests  in  January  and 
February,  1 988  also  included  hourly  monitoring  of  the  filters  (headless,  influent  and 
effluent  turbidity).  The  test  included  17  weekdays  when  the  filters  were  tumed  on 
and  off  without  being  cleaned.  In  approximately  60%  of  the  comparisons,  the 
turbidity  of  the  fitter  effluent  was  higher  at  start-up  than  at  shut-down.  The  turbidity 
levels  were  approximately  equal  in  30%  of  the  comparisons  and  the  turbidity  at 
start-up  was  lower  than  at  shut-down  in  10%  of  the  comparisons. 

The  magnitude  of  the  variance  in  the  turbidities  was  quite  small  and  more 
extensive  evaluation  of  the  results  is  needed  before  conclusions  can  be  drawn. 
These  evaluations  are  outside  of  the  scope  of  this  study. 

E3.     Disinfection 

E3(a)  Efficiency  of  Disinfection  Practices 

The  disinfection  summary  for  1984  to  1986  and  the  daily  disinfection  profiles  for  the 
months  of  April,  July  and  December  are  contained  in  Appendix  A,  Tables  3.0  and  3.1. 
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Table  6  in  Appendix  A  cxDntains  the  results  of  bacteriological  testing  of  the  raw  and 
treated  water  for  the  above  months. 

The  raw  water  is  chlorinated  prior  to  the  addition  of  alum  and  rapid  mixing.  A  residual 
of  free  chlorine  from  this  dose  is  maintained  through  flocculation,  sedimentation  and 
filtration.  The  minimum  contact  time  through  these  units  is  approximately  1 .6  hours.  The 
chlorine  is  dosed  at  a  rate  that  will  allow  a  post  filtration  residual  of  approximately  0.8 
mg/L 

Following  filtration,  the  free  chlorine  residual  is  changed  to  a  combined  form  by  the 
addition  of  ammonia.  The  combined  residual  should  be  in  the  form  of  monochloramine 
if  the  chlorine  to  ammonia  ratio  by  weight  is  kept  at  4:1  or  5:1 .  Combined  chtorine  is  less 
effective  than  free  chlorine  for  disinfection,  but  it  is  longer  lasting.  In  Hamilton,  the  initial 
free  chlorine  application  followed  by  the  retention  time  in  the  plant  serves  to  disinfect  the 
water.  The  combined  chlorine  residual  then  maintained  the  level  of  disinfection  in  the 
distribution  system. 

The  plant  is  equipped  with  post-chlorination  facilities  for  final  adjustment  of  the  chlorine 
residual  if  required.  Sulphur  dioxide  is  also  available  if  de-chlorination  is  necessary, 
however,  the  SO2  is  rarely  used. 

The  chlorination  facilities  were  upgraded  in  1 984.  At  that  time,  the  pre-chlorine  application 
point  was  moved  in  order  to  increase  the  chlorine  contact  time  prior  to  coagulation.  The 
ammonia  and  sulphur  dioxide  application  points  were  also  adjusted  to  improve  contact 
times.  The  ammonia  diffusers,  located  in  the  filtered  waste  conduits  after  the  SO2 
application  points,  can  now  be  directed  either  upstream  or  downstream  to  provide 
flexibility  in  the  time  between  chemical  applications. 
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The  following  table  shows  the  mean  and  the  range  of  disinfection  chemical  doses  and  the 
final  chlorine  residual  (monthly  means)  for  1984  to  1986: 


MEAN 

RANGE 

Pre-chlorine  dose 

2.1 

1.0-3.9 

Ammonia  dose 

2.1 

0.03-0.80 

Post-chlorine  dose 

0.08 

0.00-1.50 

1  Sulphur  dioxide  dose 

0.00 

0.00-0.36 

Total  chlorine  residual 
1  (all  units:  mg/L) 

0.79 

0.54-1.14 

The  above  chlorine  residual  results  were  taken  from  the  water  plant  monthly  report  where 
only  total  chlorine  is  recorded. 


Small  amounts  of  free  chlorine  are  sometimes  detected  by  the  laboratory  in  their  treated 
water  samples.  The  mean  and  range  of  chlorine  residuals  for  the  nine  study  months 
(laboratory  data)  are: 


MEAN 

RANGE 

Total  Chlorine 

0.73 

0.26-1.03 

Free  Chlorine 
(units:  mg/L) 

0.002 

0.00-0.47               1 

The  treated  water  is  analyzed  for  bacteriological  quality  using  Total  Plate  Count  which  is 
equivalent  to  Standard  Plate  Count  and  Presence-Absence  tests.  The  Provincial  Water 
Quality  Objectives  for  safe  water  are  a  limit  of  500  organisms  per  ml  (based  on  a 
geometric  mean  of  5  or  more  samples)  for  Standard  Plate  Counts  and  no  positive  results 
within  48  hours  for  the  Presence-Absence  test.  These  limits  were  not  exceeded  for  the 
months  of  study  in  Hamilton. 


The  following  is  a  summary  of  the  treated  water  test  results  showing  the  percentage  of 
samples  in  each  category: 


Month 
(1984- 
1986) 

No.  of 
Samples 

Percentage  of  Samples  Analyzed 

Total  Plate  Count 
(#  organisms  per  mO 

Presence-Atjsence 

Test 

Positive  Results . 

0 

1-5 

6-10 

11-500 

>500 

April 

276 

45 

43 

4 

8 

0 

0 

July 

328 

56 

38 

3 

3 

0 

0 

December 

173 

56 

37 

3 

4 

0 

0 

Once  per  month,  samples  are  collected  and  sent  to  the  Ministry  of  the  Environment 
laboratory  for  Trihalomethane  analysis.  The  results  of  these  tests  are  shown  in  table  4 
of  Appendix  A.  Low  levels  of  THMS  have  been  found  in  the  treated  water,  but  the 
concentrations  are  much  lower  than  the  PDWO  of  350  ug/L  The  average  concentration 
of  total  THMS  found  in  Hamilton  treated  water  and  distribution  system  samples  from  1984 
to  1986  was  23  ug/L  and  the  range  was  2  to  51  ug/L 


E3(b) 


Strategies  for  Optimum  Disinfection 


The  Hamilton-Wentworth  plant  has  an  excellent  disinfection  record  and  the  production  of 
Trihalomethanes  is  very  low.  Littie  could  be  done  to  improve  the  plant  performance  in 
this  regard.  However,  the  consumer  complaints  of  excessive  chlorine  taste  and  odour 
suggest  tiiat  undesirable  forms  of  combined  chlorine  may  be  forming  either  at  the  plant 
or  in  the  distribution  system.  Very  low  concentrations  of  dichloramine  or  nitrogen 
trichloride  can  cause  an  offensive  taste  and  odour. 


To  determine  if  this  is  a  problem,  the  forms  of  the  combined  chlorine  residual  should  be 
analyzed  as  the  treated  water  unit  leaves  the  plant  and  in  distribution  system  samples. 
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If  the  unwanted  forms  of  combined  chlorine  are  being  produced,  the  operating  strategy 
of  the  plant  could  be  changed.  The  chlorine  applied  before  treatment  may  react  with 
natural  ammonia  and  organic  nitrogen  in  the  raw  water  to  form  dichloramine  and  nitrogen 
trichloride  which  then  remain  through  the  treatment  process.  To  prevent  this  occurring, 
the  pre-chlorine  dose  could  be  reduced,  and  post-chlorination  could  be  used  to  increase 
the  residual  after  the  addition  of  ammonia.  In  this  way,  the  formation  of  monochloramine 
would  be  more  controlled  and  the  chances  of  producing  dichloramine  and  nitrogen 
chloride  would  be  reduced. 

E4      Ruoride 

The  following  table  shows  the  raw  water  fluoride  concentration,  the  fluoride  dose  and  the 
treated  water  concentrations  for  the  study  months: 


RawF- 

Fluoride  Dose 

Treated  F- 

1984   April 
July 
December 

0.19 
0.21 
0.21 

1.07 
0.96 
1.06 

1.04 
0.99 
1.06 

1984   April 
July 
December 

0.21 
0.18 
0.19 

1.02 
0.94 
0.99 

1.04 
1.02 
0.99 

1986   April 

July 

December 
(all  units:  mg/L) 

0.14 
0.18 
0.18 

0.87 
0.85 
0.95 

0.86 
1.00 
0.95 

In  all  cases,  the  fluoride  concentration  in  the  treated  water  was  less  than  the  sum  of  the 
raw  concentration  and  the  dose.  This  appears  to  be  a  common  situation  at  most  water 
plants.  A  possible  explanation  is  that  some  of  the  fluoride  is  being  complexed  with  other 
elements  in  the  water  and  is  not  being  detected  by  the  conventional  analytical  methods. 
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E5     Washwateir 

The  average  washwater  used  in  1986  was  approximately  1%  of  the  total  plant  flow. 
Increasing  the  maximum  filter  run  to  72  hours  in  February  1 986  reduced  the  consumption 
of  washwater  and  did  not  cause  a  decrease  in  filtered  water  quality.  The  change  was  a 
successful  optimization  measure. 
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SECTION  F 
RECOMMENDATIONS 


F.        RECOMMENDATIONS 

1 .  The  accuracy  of  flow  measurements  throughout  the  plant  should  be  assessed  and 
the  measuring  devices  should  be  calibrated.  The  rates  of  chemical  application  are 
based  on  flow  signals  from  these  devices  and  since  the  accuracy  of  the  flow  data 
is  not  known,  the  accuracy  of  the  chemical  dosage  data  is  also  in  question. 

2.  Guidelines  for  the  rate  of  coagulant  addition  with  respect  to  raw  water  turbidity 
should  be  set  The  relationship  between  alum  and  turbidity  need  not  be  "hard  and 
fast"  so  as  to  prevent  adjustment  by  the  operator,  but  a  general  operating  strategy 
and  a  range  of  optimum  doses  should  be  determined  and  recorded. 

3.  The  form  of  the  combined  chlorine  residual  in  the  treated  water  should  be 
determined  on  a  outline  basis.  If  undesirable  forms  of  combined  chiorine  are 
being  formed,  changes  in  the  rates  of  pre-  and  post-chlorination  could  correct  the 
problem. 

4.  The  laboratory  should  improve  their  reporting  system  and  make  the  data  more 
available  for  review  and  evaluation.  All  of  the  analytical  results  should  be  recorded 
clearly  in  one  location  and  the  results  of  tests  which  take  more  than  24  hours 
should  be  recorded  under  the  date  the  sample  was  taken,  not  on  the  day  the  test 
was  completed.  Monthly  summaries  should  be  produced. 

5.  A  review  of  the  routine  laboratory  tests  should  be  conducted.  For  example,  the 
practice  of  measuring  the  hardness  of  the  raw  water  twice  a  day  does  not  appear 
to  be  necessary,  since  this  information  is  used  rarely.  Analyses  such  as  aluminum 
in  the  raw  and  treated  water  and  total  Iqeldahl  nitrogen  in  the  raw  water  could  be 
more  useful  to  the  operating  staff  at  the  plant. 
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6.  A  study  to  determine  ff  there  are  any  changes  in  water  quality  through  the  raw 
water  sample  line  to  the  laboratory  should  be  conducted.  The  results  of  analyses 
on  water  which  thus  travelled  though  this  pipe  may  not  be  reflective  of  the  true  raw 
water  quality. 

7.  The  policy  of  only  allowing  Maintenance  Department  staff  to  calibrate  or  check 
instruments  should  be  reviewed.  Since  the  operating  staff  use  and  rely  on  the 
Instruments  daily,  it  would  seem  appropriate  for  them  to  be  able  to  make 
adjustments  to  the  instruments  and  be  responsible  for  their  day  to  day  operation. 

8.  Methods  to  reduce  the  condensation  on  the  calibration  cells  of  on-line  turbidimeter 
should  be  investigated.  High  humidity  in  the  plant  causes  this  problem  which  may 
be  resulting  in  false  readings.  This  problem  should  be  solved  before  the 
computerized  process  control  system  is  put  into  use,  since  It  will  be  the  output 
from  24  on-line  turbidimeters  installed  on  the  filter  effluent  discharge  pipes. 

9.  Records  of  consumer  complaints  should  be  maintained  and  organized  in  such  a 
way  that  trends  would  be  noticeable.  This  could  easily  be  achieved  with  a 
mapping  system  and  a  cross-referenced  filing  system. 

1 0.  The  potential  of  streaming  current  detectors  to  optimize  coagulation  should  be 
investigated  further.  However,  If  the  flow  metering  devices  in  the  plant  are  properiy 
calibrated,  there  may  not  be  a  need  for  streaming  current  detectors. 

11.  A  thorough  analysis  of  data  on  filter  effluent  quality  at  start-up  and  shut-down 
should  be  conducted.  It  may  be  possible  to  improve  the  overall  filtered  water 
quality  by  running  the  plant  continuously  or  by  wasting  the  initial  flow  when  a  filter 
which  is  part  way  through  a  use  cyde  (not  backwashed)  is  turned  on. 
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APPENDIX  A 
TABLES 


Table 

1 .0  Summary  of  Flow  Data 

1.1  Per  Capita  Consumption 

2.0  Particluate  Removal  Summary 

2.1  Particxilate  Removal  Profiles 

3.0  Disinfection  Summary 

3.1  Disinfection  Profiles 

4.0  Ministry  of  the  Environment  THM  Analysis 

4.1  Ministry  of  the  Environment  DWSP  Analysis 
5.0  Summary  of  Regional  Laboratory  Analysis 
6.0  Bacteriological  Testing  Data 

7.0  Ontario  Drinking  Water  Objectives  Exceedance  Summary 


TABLE  1.0 

THE  RE6I0NAL  MUNICIPALITY  OF  HANILTON  KNTHORTH  WTER  TREfiTHENT  PLANT 

MONTHLY  SUMMARY  OF  «ATER  FLOWS 
(all  units:  x  1000  iS/day) 


1986 


1985 


198A 


MAXIMUM 

MINIMUM 

AVERAGE 

MAXIMUM 

MINIMUM 

AVERAGE 

MAXIMUM 

MINIMUM 

AVERAGE 

DAILY 

DAILY 

DAILY 

D«LY 

DAILY 

DAILY 

DAILY 

DAILY 

DAILY 

FLOW 

FLOK 

FLOH 

FLON 

FLON 

FLDH 

FLON 

FLON 

FLON 

JANUARY 

ran 

470.5 

100.0 

276.0 

367.9 

256.1 

298.2 

376.2 

132.0 

306.9 

treated 

439.2 

100. 0 

260.3 

346.8 

241.9 

281.8 

351.8 

121.1 

291.1 

FEBRUARY 

rax 

469.1 

185.0 

277.9 

380.3 

284.0 

315.5 

393.2 

265.5 

343.5 

treated 

433.9 

176.7 

265.5 

350.7 

267.4 

297.1 

369.3 

259.0 

325.0 

MARCH 

ra« 

450.0 

172.7 

282.1 

470.5 

175.5 

299;7 

482.9 

203.2 

306.6 

treated 

429.4 

160.7 

271.8 

449.2 

169.5 

289.7 

449.3 

183.9 

281.0 

APRIL 

raM 

444.7 

177.3 

273.0 

463.6 

179.5 

285.5 

478.0 

112.0 

296.1 

treated 

42i.5 

171.0 

262.3 

436.0 

161.6 

268.9 

444.0 

105.0 

276.4 

MAY 

raM 

495.8 

198.1 

296.0 

509.1 

191.6 

309.7 

468.9 

168.2 

293.4 

treated 

463.9 

182.1 

279.9 

471.4 

ieo.3 

287.0 

435.5 

154.0 

272.2 

JUKE 

rax 

535.0 

215.8 

317.7 

524.6 

212.3 

339.4 

565.6 

204.5 

347.0 

treated 

494.2 

206.9 

300.5 

481.5 

201.0 

316.6 

546.0 

189.5 

323.9 

JULY 

raN 

567.8 

202.5 

326.1 

616.9 

168.2 

347.7 

542.0 

173.2 

342.5 

treated 

554.5 

196.1 

310.5 

591.1 

148.5 

321.3 

523.1 

168.4 

321.1 

AUGUST 

rati 

514.9 

177.3 

318.1 

568.2 

200.0 

372.6 

573.9 

229.5 

359.1 

treated  . 

491.9 

173.2 

302.0 

555.0 

187.0 

352.5 

524.5 

213.4 

335.6 

SEPTEMBER 

raM 

472.0 

"l68.2 

298.2 

500.0 

202.1 

314.7 

478.6 

124.6 

301.8 

treated 

439.8 

154.9 

282.3 

461.7 

187.3 

294.4 

454.5 

105.7 

282.3 

OCTOBER 

raM 

458.6 

185.3 

277.8 

442.5 

154.8 

288.5 

450.7 

171.7 

284.6 

treated 

439.2 

181.3 

263.7 

422.6 

146.4 

269.7 

433.5 

266.6 

158.6 

NOVEMBER 

raM 

447.5 

205.1 

299.8 

450.5 

195.3 

282.8 

422.7 

198.8 

276.4 

treated 

424.5 

193.6 

279.0 

425.6 

178.5 

262.7 

399.5 

178.7 

260.1 

DECEMBER 

raM 

456.4 

128.3 

272.8 

418.2 

118.7 

268.2 

424.5 

140.3 

280.8 

treated 

423.7 

76.8 

252.7 

395.9 

111.0 

249.7 

403.1 

8.0 

256.8 

YEARLY 

AVERAGES 

raM 

481. 9 

176.3 

293.0 

476.0 

194. 8 

310.2 

471.4 

177,0 

311. 5 

treated 

455.1 

164.4 

277.6 

449.0 

181.7 

291.0 

444.5 

162.8 

282.0 

TABLE  i.l 

THE  REGIONAL  MUNICIPftLITY  OF  HAMILTGN-WENTWRTH  HATER  TREATMENT 

PER  CAPITA  CONSUnPTIOK 


19B6 


1985 


1984 


POPULATION 


385762 


386277 


381308 


TOTAL  PER  CAPITA  FLOW;  (L/DAY/CAPITA) 
MAXIMUM  DAY        1437 
MINIMUM  DAY        199 
AVERAGE  DAY        720 
RATIO  MD:AD        2.0 


1530 

1432 

287 

275 

753 

740 

2.0 

1.9 

ESTIMATED  RESIDENTIAL  PER  CAPITA  FLOWS:  (L/DAY/CAPITA) 

MAXIMUM  DAY        575  612 

MINIMUM  DAY         80  115 

AVERAGE  DAY        288  301 

RATIO  MDiAD        2.0  2.0 


573 
110 
296 
1.9 


NOTES:      1.  Population  figures  obtained  froB  Econoeic  Developient  Departnent  of 
the  Regional  Municipality  of  Ha«ilton-Nent worth. 
2.  The  Systens  Departnent  of  the  Region  of  Ha«ilton-Hent»torth  estitates 
that  401  of  treated  water  goes  to  residential  use  and  60i  is  used  by 
industry. 


TflBLE  2.0 

THE  REGIONAL  HUNICIPALITY  OF  HflMILTON-KENTHORTH  HATER  TREATHENT  PLANT 

PARTICULATE  REHOVftL  SUMMARY 


JANUARY 


FEBRUARY 


KARCH 


Turbiditr  (NtUI  rit*(plt) 
randab) 
treated 

Alua  Dose  (m/L) 

pH  rm 

treated 

AUiinut  (iq/L) 

Temperature  (CI 


Turbidity  (NTU)  raM(plt) 
ran  (lab) 
treated 

Alai  Dose  (tg/L) 

pH  raH 

treated 

Aluiinut  (ig/LI 

Tetperature  (CI 


Turbidity  (NTUI  raN(plt) 
raitdab) 
treated 

Alui  Dose  (m/L) 

pH  rut 

treated 

Aluiiaui  (tg/LI 

Temperature  (CI 


APRIL  i  Turbidity  (NTU)  raH(pIt) 
randab) 
treated 

Alui  Dose  (ig/L) 

pH  raw 

treated 

Alutinut  (ig/L) 

Temperature  (C) 


HAY 


JUNE 


Turbidity  (NTUI  raM(plt) 
rawdabl 
treated 

Alui  Dose  (*g/L) 

pH  raM 

treated 

Aluiinut  (i;/L) 

Temperature  (C) 


Turbidity  (NTU)  raH(plt) 
raM(lab) 
treated 

Alum  Dose  (mg/L) 

pH  ran 

treated 

Aluminum  (mg/LI 

Temperature  (CI 


1984 

1985 

1984 

maximum 

minimum 

mean 

!   mat i mum 

minimum 

mean 

i   mail  mum 

minimum 

mean 

4.7 

0.4 

1.2 

!    10.5 

0.9 

2.8 

:    11.0 

1.3 

3.0 

4.1 

0.8 

1.9 

:    7.2 

1.8 

3.6 

:    6.6 

2.6 

3.9 

4 

.  2 

3 

:    4 

1 

3 

;    4 

1 

2 

19.4 

0.5 

4.3 

I    1S.5 

0.9 

3.9 

15.0 

1.0 

3.3 

8.? 

1.0 

3.B 

10.4 

2.0 

4.2 

!     8.7 

2.3 

4.1 

2 

1 

2 

3.0 

1.0 

2,1 

4 

2 

3, 

6.2 

0.2 

1.3 

15.0 

0.9 

4.0 

17.0 

2.4 

6.5 

5.8 

0.0 

2.3 

10.2 

2.2 

4.5 

13.6 

3.2 

6.2 

4 

1 

2 

4 

2 

3 

3 

1 

2 

4.4 

0.2 

0.8 

11.0 

1.4 

3.4 

15.0 

1.9 

4.7 

2.4- 

0.6 

1.0 

33.0 

0.7 

4.1 

18.0 

1.3 

3.8 

0.50 

O.IB 

0.32 

0.90 

0.2O 

0.36 

0.70 

0.24 

0.39 

4.2 

1.0 

1.9 

10.1 

2.0 

4.2 

10.6 

3.6 

7.1 

8.03 

7.4 

7.77 

7.82 

7.45 

7.56 

7.65 

6.7 

7.35 

7.i5 

7.3 

7.5 

7.28 

6.93 

7.14 

7.4 

6.05 

6.81 

8 

4 

6  : 

8 

4 

5 

7. 

3 

5 

1.5 

0.3 

0.7  : 

2.0 

1.2 

1.5 

4.2 

1.3 

1.9 

3.4 

0.9 

1.8  : 

3.9 

1.8 

2.6  : 

7.3 

2.7 

4.2 

n 

6 

8  ! 

11 

7 

9  ! 

9 

5 

7 

2.0 

0.9 

1.3  ! 

3.5 

1.1 

1.7  ; 

5.2 

1.6 

2.6 

3.5 

1.4 

2.4  : 

2.8 

1.7 

2.2  1 

9.0 

3.2 

4.7 

14 

8 

11  : 

14 

7 

10  ; 

17 

7 

10 

Sources:  Raw  water  turbidity  (pltl  I 

ftl"  <>««e  )  Nater  HorVs  Purification  Plant  Monthly  Report 

Temperature  ) . 

Treated  nater  turbidity  I  Daily  laboratory  data  sheets 

pH,  rat(  V  treated  1 


Note:   Treated  water  turbidity  reported  on  1984  laboratory  sheets  was  measured  at  the  Nater  Plant. 


JULY 


AUGUST 


SEPTEHBQ) 


OCTOBER 


NOVEflBCT 


DECEKBER 


IMLE  2.0  (cont'd) 

THE  REGIONAL  WNICIPALITY  OF  HAMILTON-HENTNORTH  HATER  TREATMENT  PLANT 

PARTICULATE  REHOVAL  SUNHftRY 


!  Turbidity  (HTUI 

raH(plt) 

rati(lab) 

treated 

I  Alut  Dose  (ig/L) 

!  pH 

ran 

treated 

!  Aluunnt  (lo/L) 

!  Teiperature  (CI 

;  Turbidity  (NTU) 

raulplt) 

raitdab) 

treated 

!  Alut  Dose  (ag/L) 

!  pH 

raN 

treated 

•  AlttHflUt  (ig/L) 

I  TMperature  (C) 

!  Turbidity  (MTU) 

raN(plt) 

randab) 

treated 

!  Alu*  Dos«  (tg/L) 

I  pH 

raw 

treated 

;  Alukiflu*  (lo/L) 

!  Teiperature  (CI 

;  Turbidity  (KTU) 

raii(plt) 

raN(]ab) 

treated 

!  AIM  Dose  (tg/L) 

ipH 

ran 

treated 

1  Alucinui  (ig/L) 

I  Tetperiture  (C) 

!  Turbidity  (KTU) 

rait  (pit) 

randab) 

treated 

!  AUi  Dose  (u/L) 

!  pH 

rax 

treated 

;  Altttinut  (ig/LI 

TMperjture  (C) 

Turbidity  (HTUI 

ra«(plt) 

raxdab) 

treated 

Alui  Dose  (lo/L) 

pH 

raN 

treated 

Aluiinut  («a/LI 

Teiperature  (CI 

1986 
•axitui    liniiui 


3.9 

0.5 

1.9 

1.9 

0.1 

1.1 

0.78 

0.24 

0.46 

9,3 

\.b 

3.4 

7.90 

7.35 

7.70 

7.60 

7.20 

7.41 

20 

7 

14 

4.2 


11.5 


10.& 


7.5 


4.3 


10.9 


3.7 


9.0 


l.S 


2.0 


1.1 


2.6 


2.1 


1.1 


2,5 


2.7 


4.7 


2.6 


13 

2,0 

3,7 


1,7 


4,2 


20,7 

1.4 

4.3 

9,3 

0.8 

3.4 

1.27 

0.22 

0.47 

11,5 

2.4 

5.4 

7.88 

7.60 

7.74 

7.49 

7.10 

7.33 

1985 
■axiiu*  liniiui 


•ean 


2.5 
3.8 
0.51 
3.5 
7.95 
7.45 

17 

13.0 

5.7 


2.4 


6.3 


3.3 


4.7 


18.1 


9.2 


12 

5.7 
2.2 
0.78 
7.7 
7.85 
7.70 


0.7 
1.2 
0.2 
1,5 
7.45 
7.10 

7 

1.1 

1.8 


0.7 


2.0 


0.4 


2.2 


1.0 


1.6 


0.5 
0.5 
0.13 
0.8 
7.10 
7.10 


1.6 
2.6 
0.34 
2.6 
7.71 
7,28 

9 

2,7 

3,2 


1,1 


3.6 


0,8 


3,3 


6.2 


5.1 


10 

1,0 
0,9 
0,25 
2,0 
7.63 
7.41 


1984 


•atiiut 

liniiui 

lean 

3,1 

1.4 

2.3 

2,5 

1.3 

1.8 

0,69 

0,35 

0.51 

4,8 

2,9 

3.6 

7.50 

7,10 

7.30 

7.03 

6,75 

6,86    • 

13 

6 

8    : 

5.5 

1,2 

3,1   : 

7.9 

2.8 

5.5   : 

22 

9 

16   : 

5,1 

1.7 

2.8    I 

7.9 

2.9 

5.7    : 

19 

9 

15   ; 

5.8 

1.6 

2.5    ! 

5.7 

2.8 

4.4    ; 

15 

9 

12    ! 

3.9 

1.5 

2.0    1 

6,5 

2.3 

3,4    ! 

13 

7 

9     ! 

17.5 

1.4 

4.4   : 

20,0 

0.8 

3.5   : 

0.39 

0,13 

0.27    ! 

7.1 

2.3 

3.8    ; 

7.43 

7.15 

7,30    ! 

6.93 

6.58 

6.76     ! 

7 

4 

6    : 

Sources:  Ran  nater  turbidity  (pit)    ) 

Alni  dose  )  Nater  Horks  Purification  Plant  Honthly  Report 

Teiperature  ) 


Treated  nater  turbidity 
pH,  raN  V  treated 


)  Daily  laboratory  data  sheets 
) 


Note:   Treated  Nater  turbidity  reported  on  1984  laboratory  sheets  kjs  leasured  at  the  Hater  Plant. 


TftBLE  2.1 

THE  REGIONAL  MUKICIPALITY  OF  HA«ILTON-HEKT«ORTH  KATER  TREATKMT  PLANT 

PARTICULATE  RENOVftL  PROFILE 

APRIL  1986 

DATE                        TURBIDITY  (KTU)  ALUH  pH  TE«P 

raw          rat*       treat.  MSE  raw  treated  (  C) 

(lab)      (plant)      (lab)  (tg/L) 

Ol-Apr-86               0.9          0.2         0.33  1.4  7.50  7.40 

02-Apr-B6                             0.2  1.1 

03-Apr-86               1.0          0.8         0.32  1.4  7.40  7.30 

04-Apr-8i               O.B          0.5         0.31  2.2  7.57  7.40  6 

05-Apr-86               2.4          4.4         0.34  3.8  7.75  7.58  6 

06-Apr-86               1.5          2.2         0.20  '       4.2  7.75  7.63  5 

07-Apr-86               0.9          0.7         0.18  1.5  7.70  7.50  5 

08-Apr-86               0.6          0.5         0.22  2.0  7.65  7.40  5 

09-Apr-86               0.6          0.5         0.24  2.3  7.58  7.43  4 

10-ftpr-e6               0.8          0.5         0.24  1,0  7.60  7.43  4 

ll-fipr-86               0.9          1.3         0.28  1.1  7.63  7.42  4 

12-Apr-B6               1.0          0.9         0.37  1.9  7.68  7.52  4 

13-Apr-86               1.0          0.7         0.32  1.6  7.70  7.55  4 

14-Apr-86               0.8          1.0         0.26  1.1  7.70  7.60  4 

15-Apr-86               0.7          0.5         0.20  1.7  7.80  7.65  5 

16-fipr-86                             0.7  1.1  5 

17-Apr-86               1.0           1.1         0.26  1.1  7.85  7.55  6 

18-Apr-B6                             0.6  2.0  h 

19-Apr-86                             0.9  3.9  6 

20-Apr-86               1.1           0.8         0.31  1.7  7.80  7.55  7 

21-Apr-86               1.0          0.7         0.40  1.4  7.82  7.55  7 

22-Apr-86               1.1           0.7         0.50  1.3  7.87  7.55  7 

23-Apr-86               1.0          0.6         0.38  2.0  8.00  7.60  6 

24-Apr-86               1.0          0.6         0.39     .      1.3  7.90  7.57  6 

25-Apr-86               1.0          0.7         0.40  1.3  7.87  7.53  6 

26-Apr-86               1.1          0.6         0.40  1.2  7.90  7.53  7 

27-Apr-86               1.0          0.7         0.37  l.l  7.85  7.50  6 

28-Apr-B6               0.9          0.6         0.42  2.6  8.00  7.45  7 

29-Apr-86               1.0          0.6         0.30  4.2  8.03  7.40  8 

30-Apr-86               1.1           0.6         0.31  3.5  8.00  7.38  7 

taufeut      2.4    4.4    0.50  4.2  8.03  7.65  8 

iininuB      0.6    0.2    0.18  1.0  7.40  7,30  4 

6ean        1.0    0.8    0.32  1.9  7.77  7.50  6 

Jdata        26     30     26  30  26  26  30 

Stan  dev      0.3    0.7    0.08  1.0  0.16  0.09  1 

Sources:  Raw  xater  turbidity  (plant)  )  «iter  Works  PuriHcation  PlaDt 

Alue  dose  )  Konthly  Report 

Teiperature  ) 

Raw  water  turbidity  (lab)  ) 

Treated  water  turbidity  (lab)  )  Daily  Laboratory  sheets 

pH,  raw  I  treated  ) 


TABLE  2.1  (cent -111 
THE  REGIONAL  MUNICIPALITY  OF  HAKILTOK-*!DiT«ORTH  HATER  TREATBENT  PLAMT 
PARTICULATE  REMOVAL  PROFILE 
JULY  1986 


DATE 

TURBIDITY 

(KTU) 

ALUM 

pH 

TEHP 

ra« 

raw 

treat. 

DOSE 

raw 

treated 

(  C) 

(lab) 

(plant) 

(lab) 

(*g/L) 

Ol-Jul-86 

1.2 

1.7 

0.38 

1.6 

7.85 

7,43 

8 

02-Jul-86 

0.1 

1.6 

0,45 

2,0 

7.80 

7,45 

10 

03-Jul-86 

1.0 

1.1 

0,40 

2.0 

7,85 

7.45 

16 

M-Jul-86 

1.0 

1.5 

0.57 

2.0 

7.85 

7,50 

14 

05-Jul-86 

1.0 

1.8 

0.44 

1.9 

7.75 

7.45 

8 

Oi-Jul-86 

1.0 

2.1 

0.38 

2.2 

7.75 

7.45 

.     7 

07-Jul-86 

1.1 

1.8 

0.54 

1.8 

7.55 

7.25 

7 

08-Jui-86 

1.0 

1.4 

0.27 

2.3 

7.45 

7.20 

8 

09-Jul-8i 

1.1 

0.5 

0.25 

2.5 

7,60 

7.40 

7 

10-Jul-e6 

1.1 

0.8 

0.34 

2.1 

7.70 

7,25 

7 

11 -Jul -86 

1.0 

1.7 

0.45 

2,3 

7.80 

7,40 

11 

12-Jul-86 

1.3 

1.9 

0.55 

2,7 

7,90 

7.40 

16 

13-Jul-86 

1.4 

1.7 

0.59 

3,9 

7.80 

7,35 

17 

H -Jul -86 

1.2 

1.8 

0.72 

4,0 

7.45 

7,35 

17 

15-Jul-86 

0.1 

1.8 

0.68 

4.0 

7.35 

7.20 

12 

16-Jul-86 

1,3 

1.6 

0,65 

4.1 

7.35 

7.30 

12 

17-JU1-86 

1.0 

1.8 

0.69 

3,1 

7.40 

7.45 

13 

18-Jul-86 

0.8 

1.5 

■  0,57 

2,5 

7.50 

7.40 

14 

19-Jul-86 

1.3 

1.9 

0.46 

3.8 

7.75 

7.45 

15 

20-Jul-86 

1.2 

2.3 

0.45 

4,6 

7.65 

7.40 

17 

21-Jul-86 

1.7 

2.9 

0.45 

4,1 

7.90 

7.35 

20 

22-Jul-B6 

1.9 

3.1 

0,43 

4.0 

7,60 

7.45 

19 

23-Jul-86 

1.7 

2.4 

0,37 

3.9 

7.60 

7.45 

19 

2A-M-% 

l.A 

1.9 

0.39 

4.0 

7.55 

7.45 

15 

25-Jul-86 

0.9 

l.B 

0.26 

3.3 

7.65 

7.40 

14 

26-Jul-86 

0.8 

1.7 

0.25 

3.2 

7.85 

7.45 

14 

27-Jul-86 

0.8 

1.7 

0,24 

2.5 

7.85 

7,60 

14 

28-Jul-86 

1.2 

2.2 

0.42 

3.5 

7.85 

7,55 

18 

29-Jul-86 

1.5 

2,5 

0.52 

3.3 

7.85 

7.55 

18 

30-Jul-86 

1.8 

3.8 

0.78 

9.3 

7.90 

7.55 

20 

31-Jul-B6 

1.7 

3,9 

0,30 

7.8 

7,85 

7,45 

20 

CSX i tut 

1.9 

3.9 

0,78 

9,3 

7,90 

7,60 

20 

cinitut 

0.1 

0,5 

0.24 

1,6 

7,35 

7,20 

7 

cean 

1.1 

1,9 

0,46 

3,4 

7,70 

7.41 

14 

Idata 

31 

31 

31 

31 

31 

31 

31 

Etan  dev 

0.4 

0,7 

0.14 

1.6 

0,17 

0,10 

4 

Sourcej:    Rati  water  turb 

idity  (plant) 

)  «ater  Sorts  Purificati 

ion  Plant 

Alui 

i  dose 

) 

Monthly 

Report 

Tetp 

lerature 

) 

Raw 

Kfiter  turb 

idity  (1, 

ab) 

) 

Tres 

ted  water 

turbidit; 

f  (lab) 

)  Daily  Laboratory  sheet 

;c 

pH, 

raw  k  trca 

ted 

) 

TABLE  2.1   (cont'd ) 
THE  REGIONAL  NIWICIPALITY  Of  HANILTOK-KENTKORTH  KATER  TREATfENT  PLAKT 
PARTICULATE  REHCVAL  PROFILE 


DECEKBER 

1986 

DATE 

TURBIDITY  (NTU) 

ALUM 

pH 

TEHP 

raw 

rcH 

treat. 

DOSE 

raw 

treated 

<  C) 

Uab) 

(plant) 

(lab) 

(tg/L) 

OI-Dec-86 

5.8 

02-Dec-B6 

6.2 

5.5 

0.73 

6.6 

7.88 

7.49 

03-Dec-Bi 

5.4 

5.8 

1.27 

7.1 

7.85 

7.39 

04-Dec-86 

8.2 

10.4 

1.00 

6.3 

7.73 

7.29 

05-DK-B6 

3.3 

8.0 

1.10 

5.1 

7.63 

7.25 

06-DEC-B6 

l.B 

2.6 

0.43 

4.6 

7.65 

7.30 

07-DBC-8i 

1.5 

2.5 

0.27 

3.7 

7.75 

7.35 

08-Dec-B6 

5.6 

14.4 

0.30 

5.1 

7.65 

7.40 

09-Dec-E6 

9.3 

4.4 

0.50 

9.1 

7.70 

7.35 

lO-Dec-86 

2.3 

0.43 

6.0 

7.35 

U-Dec-Bi 

2.9 

1.5 

0.53 

4.1 

7.80 

7.40 

12-Dec-B6 

1.0 

1.9 

0.25 

5.3 

7.75 

7.30 

13-DEC-86 

0.8 

1.6 

0.22 

•   3.8 

7.60 

7.20 

14-DEC-86 

1.5 

3.5 

I5-Dh:-86 

1.0 

1.4 

0.23 

2.8 

7.80 

7.40 

16-Dec-86 

1.1 

1.5 

0.27 

2.4 

7.85 

7.45 

17-Dec-86 

1.0 

2.0 

0.30 

2.7 

7.80 

7.40 

18-Dec-86 

1.0 

1.7 

0.26 

2.5 

7.75 

7.30 

19-DEC-86 

1.5 

3.0 

20-DK-B6 

1.4 

2.7 

2l-Dec-86 

1.4 

4.0 

22-Dec-86 

1.4 

4.6 

23-Dec-86 

1.4 

4.2 

24-DK-86 

1.4 

5.9 

25-Dec-8i 

20.7 

9.2 

26-Dec-86 

6.7 

11.5 

27-Dec-86 

6.6 

9.7 

0.33 

11.5 

7.60 

7.20 

28-Dec-8i 

4.6 

5.2 

0.33 

10.0 

7.60 

7.10 

29-Dec-86 

1.9 

2.8 

0.26 

5.5 

7.81 

7.26 

30-Dec-86 

2.2 

5.1 

31-Dec-86 

1.6 

4 

taxieuQ 

9.3 

20.7 

1.27 

11.5 

7.88 

7.49 

tinituii 

0.8 

1.4 

0.22 

2.4 

7.60 

7.10 

teari 

3.4 

4.3 

0.47 

5.4 

7.74 

7.33 

fdata 

19 

31 

20 

31 

19 

20 

31 

sten  dev 

2.6 

4.4 

0.30 

2.5 

0.09 

0.10 

Sources:     Ran 

Kflter  turbidity  (pi 

ant) 

)  k'cl 

er  Horks 

Puritic 

aticn  Plant 

A]ufi 

dose 

) 

Xonthly 

Report 

Tei,p 

erature 

) 

Rt« 

Keter  tur 

idity  (la 

b) 

) 

Treated  water 

turbidity 

(lab) 

)  Dai 

ly  Labor 

atory  sh 

-ets 

pH, 

raw  l  tre 

ted 

J   . 

TABLE  2.1  (cDnfd) 

THE  RESlOKfiL  tlUNICIPALITY  OF  HA«ILTOK-«E«T«0RTH  KATER  TREATfiEkT  PLANT 

PARTICULATE  REMOVAL  PROFILE 

APRIL  1985 

DATE          TURBIDITY  (NTU)  ALUN  pH  TEfiP 

ran    rat*  treat.  DOSE  rat*  treated  (  C) 

(lab)   <plant>   (lab)  (itg/L) 

Ol-Apr-85      33.0    11.0  O.'^O  9.1  7,45  7.20  4 

02-Apr-85      11.0    3.7  0.58  10.1  7.50  7.25  4 

03-Apr-85      3.9    3.0  0.35  7.5  T.K  7.25  4 

04-Apr-85      3.6    8.9  0.36  4.8  7.45  7.15  4 

C5-Apr-85      0.7    6.0  0.40  8.5  7.55  7.15  4 

06-Apr-85      3.7    4.9  0.39  4.3  7.55  7.10  4 

07-Apr-85      3.2    2.6  0.39  3.3  7.55  7.10  4 

08-Apr-85      2.0    2.2  0.46  2.9  7.52  7.12  4 

09-Apr-85      1.4     1.9  0.30  3.3  7.50  7.12  4 

lO-Apr-85      1.4     1.6  0.25  2.8  7.52  7.10  4 

ll-Apr-85      1.0    1.5  0.24  2.0  7.50  7.18  4 

12-Apr-85      1.0    1.4  0.28  2.5  7.50  7.15  4 

13-Apr-85      4.5    9.0  0.33  2.9  7.52  7.05  4 

14-ftpr-B5      7.5    3.9  0.34  4.3  7.53  6.93  5 

l5-Apr-85      2.8    3.4  0.29  5.1  7.50  7.10  5 

16-Apr-85      3.0    3.8  0.20  5.5  7.55  7.15  5 

17-Apr-85      2.6    2.1  0.28  4.6  7.58  7.05  6 

18-Apr-B5      2.8    4.3  0.34  4.3  7.55  7.00  6 

19-Apr-85            2.7  3.9  6 

20-Apr-B5            2.4  3.1  6 

21-Apr-85            2.6  3.2  7 

22-Apr-85      3.3    2.6  0.35  3.0  7.80  7.20  7 

23-Apr-85      2.9    2.5  0.33  3.8  7.78  7,28  7 

24-Apr-85      3.0    2.6  0.33  3.6  7.82  7.22  7 

25-Apr-85      3.0    2.7  0.36  3.2  7.58  7.15  8 

26-Apr-85      1.8    2.1  0.36  3.1  7.52  7,12  7 

27-Apr-85      1.6    1.9  0.33  2.3  7.45  7.15  7 

28-Apr-85      1.4     1.9  0.34  2.8  7.52  7.20  7 

29-Apr-85      1.7    1.9  0.34  3.2  7.50  7.12  7 

30-Apr-85      1.9     1.7  0.38  3.2  7.80  7.28  7 

»axiBU«              33.0         11.0  0.90  10.1  7.82  7.28  8 

cinituB               0.7           1.4  0.20  2.0  7.45  6.93  4 

ftean                     4.1           3.4  0.36  4.2  7.56  7,14  5 

tdata                    27            30  27  30  27  27  30 

5tan  dev             6,0          2,3  0,13  2.0  0.11  0.08  1 

SourcEj;    Raw  water  turbidity  (plant)  )  tiater  tiorks  Purification  Plant 

AluR  dose  I  (Sonthly  Report 

Tesperature  ) 

Raw  water  turbidity  (lab)  ) 

Treated  water  turbidity  (lab)  )  Daily  Laboratory  sheets 

pH,  raw  I  treated  1 


TftBLE  2.1  kont'd) 
THE  REGIONAL  HUtJlCIPALITY  OF  HAMlLTOK-KENTttORTH  HATER  TREATMENT  PLANT 
PARTICULATE  REMOVAL  PROFILE 


JULY 

1985 

DATE 

TURBIDITY  (KTU) 

ALUK 

pH 

TEMP 

rati 

ran 

treat. 

DOSE 

rati 

treated 

(  C) 

(lab) 

(plant) 

(lab) 

(ig/L) 

Oi-Jul-85 

i.2 

1.0 

0.41 

3.2 

7.90 

7.20 

17 

02-Jul-85 

1.2 

1.7 

0.40 

3.1 

7.95 

7.20 

16 

03-Jul-85 

1.2 

1.7 

0.40 

2.9 

7.70 

7.20 

13 

04-Jul-e5 

1.7 

1.8 

0.48 

2.8 

7.75 

7.25 

11 

05-Jul-85 

2.5 

•  1.6 

0.32 

3.0 

7.58 

7.10 

8 

06-Jul-85 

3.0 

2.0 

0.23 

2.8 

7.55 

7.30 

8 

07-Jul-B5 

2.4 

1.9 

0.20 

3.5 

7.45 

7.15 

8 

08-Jul-B5 

1.9 

2.0 

0.22 

2.8 

7.50 

7.10 

9 

0?-Jul-85 

1.9 

1.0 

0.26 

3.0 

7.60 

7.20 

8 

30-M-65 

2.1 

0.7 

0.27 

2.4 

7.70 

7.25 

8 

ll-Jul-85 

1.6 

1.4 

0.23 

2.9 

7.60 

7.30 

8 

12- Jul -85 

2.6 

1.5 

0.29 

3.1 

7.50 

7.35 

7 

13-Jul-85 

3.2 

1.2 

0.30 

2.7 

7.75 

7.30 

7 

14-Jul-85 

3.1 

1.2 

0.31 

3.5 

7.65 

7.30 

7 

15-vTal-85 

3.3 

1.1 

0.26 

2.4 

7.65 

7.35 

7 

li-Jul-E5 

3.2 

1.4 

0.28 

2.8 

7.85 

7.30 

7 

17-Jul-85 

3.1 

1.6 

0.30 

2.8 

7.70 

7.35 

7 

18-vlul-85 

3.3 

1.7 

0.34 

2.8 

7.80 

7.35 

7 

19-Jul-85 

3.2 

1.2 

0.36- 

2.9 

7.75 

7.30 

7 

20-3ul-85 

3.1 

1.2 

0.32 

2.7 

7.80 

7.30 

8 

21-Jul-85 

2.2 

i.l 

0.31 

3.2 

7.85 

7.25 

8 

22-v1ul-85 

2.6 

i.6 

0.33 

1.9 

7.85 

7.35 

8 

23-Jul-85 

3.1 

2.5 

0.47 

1.6 

7.85 

7.35 

9 

24-JU1-85 

3.5 

2.2 

0.48 

1.5 

7.45 

7.30 

9 

25-JuI-85 

3.3 

2.1 

0.47 

1.6 

7.70 

7.35 

8 

26-3uI-85 

3.4 

1.0 

0.51 

1.7 

7.65 

7.30 

8 

27-Jul-85 

3.4 

1.8 

0.42 

1.9 

7.80 

7.45 

9 

28-3ul-85 

3.8 

2.1 

2.0 

7.75 

7.35 

8 

27- Jul -85 

3.3 

1.7 

1.6 

7.70 

7.30 

8 

30-Jul-85 

2.3 

1.3 

0.39 

1.8 

7.80 

7.25 

8 

31 -Jul -85 

!•' 

2.5 

0.39 

2.2 

7.80 

7.30 

11 

laxicuii 

3.B 

0    ^ 
il.  J 

0.51 

3.5 

7.95 

7.45 

17 

•iniBut 

1.2 

0.7 

0.20 

1.5 

7.45 

7.10 

7 

.  tean 

2.6 

1.6 

0.34 

2.6 

7.71 

7.28 

9 

tdfita 

31 

31 

29 

31 

31 

31 

31 

Etan  dev 

0.8 

0.4 

0.09 

0.6 

0.13 

0.08 

J. 

ScurceE:     Rs* 

water  turb 

idity  (pli 

snt) 

)  ) 

*ater  Works  Purifi 

cation  Plant 

Alui 

1  dose 

) 

Monthly 

'  Report 

Teiip 

erature 

1 

RaM 

water  turb 

idity  (lal 

3) 

) 

Trea 

ited  Mater 

turbidity 

(lab) 

)  I 

)aily  Laboratory  sheets 

pH, 

raw  I  treated 

) 

TABLE  2.1   (cont'd) 
THE  RE6I0KAL  faiNICIFftLlTY  OF  HAMILTOK-tfENTKORTH  BATER  TREATftEKT  PLANT 
PARTICULATE  REWJVAL  PROFILE 
DECEfiBER  1985 


DATE 

TURBIDITY  (KTU) 

ALy« 

pH 

TEfiP 

rsK 

raw 

treat. 

DOSE 

raw 

trEatEd 

(  C) 

(lib) 

(plant) 

(lab) 

(6g/L) 

OI-Dec-85 

5.7 

0.16 

7.7 

7.75 

7.38 

7 

02-DBC-85 

2.5 

0.13 

5.8 

7.70 

7.15 

8 

03-IIEC-S5 

1.4 

l.O 

0.17 

1.9 

7.60 

7.20 

8 

04-Dec-85 

1.1 

0.9 

0.30 

1.0 

7.75 

7.45 

7. 

05-!>ec-85 

1.3 

0.9 

0.37 

2.6 

7.80 

7.50 

7 

Oi-DK-85 

1.2 

1.2 

0.26 

2.2 

7.75 

7.55 

7 

07-Dec-85 

1.0 

1.1 

0.27 

1.2 

7.85 

7.50 

7 

08-Dec-85 

1.0 

0.6 

0.23 

1.6 

7.75 

7.45 

7 

09-DK-85 

1.1 

1.9 

7 

IO-Dec-85 

0.7 

2.0 

7 

ll-Dec-85 

1.2 

1.6 

7 

12-DK-S5 

2.2 

l.I 

O.Al 

3.5 

7.25 

7.20 

7 

13-Dec-85 

1.3 

0.8 

0.25 

2.9 

7.30 

7.20 

7 

14-Dec-85 

0.8 

0.8 

0.78 

1.7 

7.10 

7.10 

6 

15-Dec-85 

0.7 

1.5 

6 

16-Dec-85 

0.8 

0.8 

0.22 

1.8 

7.40 

7.25 

5 

17-Dec-85 

0.5 

0.9 

0.26 

2.0 

7.35 

7.20 

4 

18-DEC-85 

0.8 

0.5 

0.28 

1.5 

7.45 

7.15 

4 

19-Dec-85 

0.8 

0.5 

0.20 

2.3 

7.55 

7.15 

5 

20-Dk:-85 

O.i 

1.6 

4 

21-DEC-85 

0.6 

0.6 

0.19 

1.3 

7.75 

7.55 

4 

22-Dec-85 

O.t 

0.6 

0.14 

1.2 

7.80 

7.60 

4 

23-DBC-S5 

0.5 

0.6 

0.17 

1.1 

7.80 

7.70 

4 

2^-Dec-85 

0.5 

0.6 

0.17 

0.8 

7.83 

7.70 

4 

25-Dec-85 

0.6 

0.7 

0.18 

2.2 

7.80 

7.70 

4 

26-Dec-g5 

0.6 

0.6 

0.19 

1.5 

7.85 

7.70 

4 

27-DEC-85 

0.6 

1.5 

4 

28-DEC-B5 

0.6 

1.0 

3 

29-DEC-S5 

0.6 

0.6 

0.18 

0.9 

7.50 

7.50 

3 

30-DEC-85 

0.5 

0.6 

0.21 

1.2 

7.75 

7.40 

3 

31-DEC-35 

0.7 

0.5 

0.25 

1.6 

7.80 

7.45 

2 

caxitut 

2.2 

5.7 

0.78 

7.7 

7.65 

7.70 

8 

tinituft 

0.5 

0.5 

0.13 

0.8 

7.10 

7.10 

2 

Ken 

0.9 

1.(1 

0,25 

2.0 

7.63 

7.41 

5 

Idata 

.22 

31 

24 

31 

24 

24 

31 

Etan  dEv 

0.4 

0.9 

0.13 

1.4 

0.21 

0.20 

2 

SC'urcEs;    Ran 

aitsr  tur 

bidity  (pi; 

nt) 

)  Hater  Korks  Purifi 

.at ion  Plant 

Alut 

dOEE 

) 

tor.thly  Report 

.    Tetf 

erature 

). 

f.cn 

water  tur 

Mcity  (lat 

) 

) 

Trfieted  tfolEr 

turbidity 

(lefcy 

)  Dc 

iiy  Lebo 

atory  s.\ 

ESt5 

pH, 

raw  i  tre 

at  Ed 

) 

ThBLE  2.1   (cont'd) 
TK£  fiEGlOKftl  MUNICIPALITY  OF  HftKILTDK-«ENT«ORTH  HATER  TREATKEKT  PLANT 
PARTICULATE  REtlffVAL  PROFILE 
APRIL  1984 


DATE 

TURBIDITY 

(NTU) 

ALUR 

pH 

TEHP 

rat* 

re* 

tre^t. 

DOSE 

raw 

treated 

(  C) 

(lab) 

(plant) 

(plant) 

(fcg/L) 

Ol-Apr-84 

2.5 

5.1 

0.32 

8.4 

7,50 

7.00 

3 

02-Apr-84 

2,8 

5.6 

0.35 

7.9 

7,45 

6.75 

3 

03-Apr-84 

3.1 

5.2 

0.39 

6.6 

7,55 

6.75 

3 

04-Apr-84 

3.9 

7.7 

0.37 

6.7 

7.55 

6.75 

3 

05-Apr-84 

18.0 

15.0 

0.49 

10.6 

7.45 

6.85 

3 

06-Apr-84 

Ifc.O 

8.0 

0.45 

9.6 

7.20 

7.00 

4 

07-Apr-84 

6.1 

6.0 

0.39 

9.5 

6,75 

7.00 

3 

Ofl-Apr-64 

3.5 

4.6 

0.28 

9.2 

6.70 

6.70 

3 

09-Apr-84 

3.8 

6.6 

0.28 

.    9.4 

7.30 

7,05 

•J 

lO-Apr-84 

3.8 

4.8 

0,24 

9.4 

7.65 

7.00 

4 

ll-Apr-84 

3.3 

3.3 

0.24 

7.7 

7.65 

6.95 

4 

12-Apr-84 

2.7 

3.8 

0.26 

7,3 

7.60 

6.95 

4 

13-Apr-84 

3.0 

3.6 

0.29 

7,1 

7.10 

6.70 

4 

14-Apr-84 

2.5 

4.1 

0.30 

6,1 

7.25 

6.65 

4 

15-Apr-84 

2.3 

4.0 

0.30 

6.1 

7.40 

6.70 

4 

16-Apr-B4 

3.4 

5.4 

0.31 

6.9 

7.15 

7.05 

4 

17-Apr-S4 

2.8 

3.8 

0.35 

6.6 

7.15 

7.10 

6 

18-Apr-84 

2,2 

3.8 

0.29 

7.1 

6,95 

6.75 

5 

19-Apr-84 

2,2 

3.1 

0.36 

6.5 

7.00 

7.40 

5 

20-Apr-84 

1.9 

2.3 

0.49 

6.0 

7.40 

6.70 

6 

21-Apr-84 

2.4 

2.7 

0.30 

6.3 

7.30 

6.65 

6 

22-Apr-84 

3.8 

5.7 

0.33 

7.5 

7,25 

6.75 

6 

23-Apr-84 

4.2 

8.7 

0.50 

8.8 

7.25 

6.05 

6 

24-Apr-84 

4.5 

4.3 

0.38 

8.5 

7.40 

6.45 

7 

25-Apr-84 

1.6 

2.2 

0.52 

4.8 

7.55 

6.70 

6 

26-Apr-84 

1.6 

1.9 

0.61 

4.7 

7.55 

6.75 

5 

27-Apr-84 

1.6 

2,6 

0.58 

3.6 

7.55 

6.75 

6 

28-Apr-84 

1.7 

2.6 

0.70 

4,3 

7.50 

6.80 

6 

29-Apr-84 

1.3 

2.3 

0.55 

4.8 

7.65 

6.85 

7 

30-Apr-84 

l.B 

2.6 

0.62 

6.2 

7,65 

6.80 

7 

taxifiut 

18.0 

15.0 

0.70 

10.6 

7,65 

7.40 

7 

fiinieus 

1.3 

1.9 

0.24 

3.6 

6.70 

6.05 

3 

teen 

3.8 

4.7 

0,39 

7.1 

7.35 

6,81 

5 

ttJBta 

30 

30 

30 

30 

30 

30 

30 

si En  dev 

3.7 

2.6 

0.12 

1.7 

0,26 

0,23 

1 

Sources;     f.an 

<<ater  turb 

idity  (plant) 

)  ilater  «orki 

;  Purification  Plant 

Alui 

!  dose 

) 

honthly 

Report 

Tetpercture 

) 

Rax 

(titer  turb 

idity  (1 

ab) 

) 

Treateci  tteter 

turbidity  (plant) 

}  Da 

ily  Labor 

itory  sheet 

s 

pH, 

Teu  I  trea 

ted 

•-     ) 

TABLE  2.1  (cont'd) 
THE  REGIONAL  MUNICIPALITY  OF  HfiKILTON-KENTWORTH  WATER  TREATttENT  PLANT 
PARTICULATE  REMOVAL  PROFILE 
JULY  1984 


DATE 

TURBIDITY 

(NTU) 

ALUM 

pH 

TEMP 

raw 

raw 

treat. 

DOSE 

raw 

treated 

(  C) 

(lab) 

(plant) 

(plant) 

(H/L) 

Ol-Jul-8 

»               1.6 

2.3 

0.40 

4.8 

7.20 

6.75 

10 

02-Jul-8 

ft               1.6 

2.5 

p.45 

4.0 

7.50 

6.80 

10 

03-Jul-8 

\               1.7 

2.4 

0.42 

4.3 

7.43 

6.90 

9 

04-OU1-8 

\               1.5 

2.3 

0.39 

4.6 

7.20 

6.85 

8 

05-JU1-8 

1.4 

2.1 

0.37 

3.6 

7.30 

6.85 

8 

06-Jul-8 

\               1.5 

2.2 

0.50 

3.6 

7.40 

6.78 

8 

07-Jul-8 

1               1.5 

2.1 

0.42 

3.8 

7.45 

6.85 

OB-Jul-8 

1               1.4 

2.0 

0.45 

3.9 

7.45 

6.80 

09-Jul-8J 

;           1.4 

2.2 

0.45 

3.9 

7.30 

6.85 

lO-Jul-B' 

\               1.5 

2.2 

0.57 

3.5 

7.33 

6.88 

ll-Jul-8' 

\               1.8 

1.8 

0.63 

3.4 

7.30 

6.83 

12-Jul-8' 

1.6 

1.8 

0.66 

3.5 

7.40 

6.90 

13-Jul-8i 

1.9 

1.9 

0.65 

3.4 

7.38 

6.90 

10 

]4-Jul-8^ 

1.8 

2.b 

0.56 

3.3 

7.43 

6.76 

15-Jul-B' 

2.2 

3.0 

0.62 

2.9 

7.45 

6.83 

16-Jul-8^ 

2.1 

2.1 

0.53 

3.5 

7.33 

6.88 

17-Jul-8^ 

2.0 

2.8 

0.47 

3.5 

7.13 

6.93 

18-Jul-8^ 

2.5 

3.1 

0.4B 

3.5 

7.10 

7.00 

19-Jul-8^ 

2.1 

2.6 

0.54 

3.7 

7.10 

7.03 

20-Jul-8' 

2.1 

2.9 

0.63 

3.3 

7.25 

6.90 

21-Jul-8^ 

2.1 

2.5 

0.48 

3.4 

7.28 

6.78 

22-Jul-8^ 

1.9 

2.4 

0.51 

3.3 

7.23 

6.83 

23-Jul-8^ 

1.9 

2.4 

0.55 

3.0 

7.28 

6.85 

24-Jul-8< 

2.0 

2.2 

0.57 

3.4 

7.35 

6.88 

25-Jul-B< 

2.1 

2.5 

0.65 

3.1 

7.23 

6.93 

26-0ul-8^ 

2.1 

2.3 

0.64 

3.2 

7.38 

6.83 

8 

27-Jul-8< 

2.1 

2.3 

0.69 

4.2 

7.30 

6.85 

8 

28-Jul-S^ 

1.7 

2.3 

0.52 

4.1 

7.15 

6.95 

8 

29-Jul-8< 

1.4 

2.2 

0.38 

3.2 

7.30 

6.60 

8 

30-Jul-8< 

1.6 

2.0 

0.35 

3.4 

7.20 

6.83 

8 

31-Jul-8^ 

1.3 

1.4 

0.37 

3.6 

7.28 

6.77 

13 

taxi  BUI 

2.5 

3.1 

0.69 

4.8 

7.50 

7.03 

13 

ffinitui 

1.3 

1.4 

0.35 

2.9 

7.10 

6.75 

6 

tean 

1.8 

2.3 

0.51 

3.6 

7.30 

6.86 

8 

tdata 

31 

31 

31 

31 

31 

31 

31 

Stan  de 

V              0.3 

0.4 

0.10 

0.4 

0.11 

0.06 

1 

Sources: 

Ran  Kster  turb 

idity  (plant) 

)  Hater  Work 

5  PuriHcation  Plant 

Alui  dose 

) 

Monthly 

Report 

Teiperature 

) 

RaM  Mater  turbidity  (lab) 
Treated  tiater  turbidity  (plant) 
pH,  rjH  I  treated 


)  Daily  Laboratory  sheets 
) 


TABLE  2.1  (tonfd) 
THE  REGIONAL  HUNICIPALITY  OF  HAHILTON-«ENT«ORTH  WATER  TREATKEKT  PLANT 
PARTICULATE  REKOVAL  PROFILE 


DECEHBER  1984 

DATE 

TURBIDITY 

(NTU) 

ALUN 

PH 

TEHP 

ran 

raM 

treat. 

DOSE 

raw 

treated 

{  C) 

(lab) 

(plant) 

(plant) 

(tg/L) 

Ol-Dec-B 

1              1.0 

1.& 

0.25 

2.8 

7.35 

6.93 

02-Dec-8 

(              1.0 

1.8 

0.32 

2.8 

7.43 

6.83 

03-Dec-8 

1              1.2 

2.3 

0.28 

3.3 

7.33 

6.80 

M-Dec-8 

\              1.0 

1.9 

0.26 

2.8 

7.30 

6.73 

05-Dec-B 

\               1.0 

2.0 

0.21 

3.1 

7.30 

6.68 

Oi-Dec-8 

\                1.0 

1.7 

0.22 

3.1 

7.30 

6.80 

07-Dcc-BJ 

\                1.0 

1.4 

0.21 

3.0 

7.35 

6.75 

08-&ec-8' 

(               0.8 

1.5 

0.27 

2.9 

7.33 

6.78 

09-Dec-8J 

\               0.8 

1.4 

0.31 

2.9 

7.30 

6.83 

lO-Dec-8^ 

\               0.8 

1.4 

0.26 

3.2 

7.35 

6.83 

ll-Dec-8' 

1.0 

1.4 

0.36 

3.1 

7.38 

6.78 

12-Dec-8' 

0.9 

1.5 

0.25 

3.1 

7.35 

6.83 

13-Dec-8' 

1.0 

[.h 

0.29 

2.6 

7.40 

6.75 

14-Dec-8^ 

1              14.0 

14.5 

0.26 

4.3 

7.15 

6.75 

15-Dec-8^ 

20.0 

17.5 

0.39 

7.1 

7.15 

6.63 

16-Dec-8^ 

\             12.5 

10.0 

0.31 

6.3 

7.25 

6.75 

17-Dec-8< 

7.3 

4.1 

7.30 

6.85 

18-Dec-8^ 

5.8 

0.28 

4.7 

7.28 

6.83 

19-l)ec-8^ 

2.8 

5.5 

0.38 

3.8 

7.35 

6.88 

20-Dk-8^ 

(               2.9 

4.9 

0.30 

4.0 

7.30 

6.80 

2l-Dec-8^ 

5.3 

11.5 

0.28 

4.7 

7.30 

6.73 

22-Dec-8^ 

4.7 

5.0 

0.23 

5.9 

7.23 

6.60 

23-Dec-8i 

2.1 

3.3 

0.13 

4.4 

7.23 

6.58 

24-Dec-8^ 

1.2 

3.5 

0.35 

4.2 

7.30 

6.60 

25-Dec-8i 

1.0 

0.20 

26-Dec-8i 

•     2.2 

3.3 

27-DK-8i 

7.0 

3.9 

28-Dec-8i 

3.5 

4.4 

29-Dec-8' 

2.S 

4.4 

30-Dec-8' 

2.0 

3.5 

31-Dec-8^ 

4.3 

5.3 

0.16 

2.3 

7.20 

6.75 

•axiiui 

1              20.0 

17.5 

0.39 

7.1 

7.43 

6.93 

■iniiui 

1               0.8 

1.4 

0.13 

2.3 

7.15 

6.58 

•ean 

3.5 

4.4 

0.27 

3.8 

7.30 

6.76 

idata 

24 

JO 

25 

30 

25 

25 

30 

Stan  di 

'V              4.9 

4.0 

0.06 

1.1 

0.07 

0.09 

I 

Sources: 

Ran  nater  tur 

bidity  (plant) 

)  Water  tiork 

s  PuriH 

cation  Plant 

Alut  dose 

) 

fionthly  Report 

Tetperature 

) 

Ratt  Mater  turbidity  (lab) 
Treated  water  turbidity  (plant) 
pH,  raM  i[  treated 


1 

)  Daily  Laboratory  sheets 


TABU  3.0 
THE  REBIMN.  KUNICIPALITY  Of  HftMILTON-KKTMRTH  MTER  TREftTHEXT  PLANT 


DISIHFECTION  SUHHARY 
(ill  vnits:  ig/L) 


1S8& 


1985 


CHEKICAL 


luiiai    iiniiui 


JANUARY 

.  Pre  chlorine  dose 

!          2.< 

1.4 

1.8 

2.4 

1.2 

1.7 

!           2.4 

1.2 

1.5 

i  Post  chlorine  dose 

:         0.94 

0.00 

0.04 

1         0.00 

0.00 

0.00 

i         0.38 

0.00 

0.07 

i  Aiionia 

!         0.24 

0.18 

0.21 

0.22 

0.12 

0.20 

:         0.20 

0.14 

0.15 

I  Sulphur  Dioxide 

;         0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

!         0.17 

0.00 

0.01 

C12  Residual -til  ant  (total) 

1         0.83 

0.68 

0.78 

0.90 

0.66 

0.81 

;         0.83 

0.58 

0.6S 

:                      -lab      (total) 

-lab      (free) 

!  Haoriite  dose 

:       1.13 

0.00 

0.96 

1.35 

0.90 

1.06 

:       1.24 

0.79 

1.02 

Fleoride  Residaal  -  lab 

. 

FEBRUARY 

Pre  chlorine  dose 

2.9 

1.7 

2.1 

2.5 

1.0 

1.7 

;        3.2 

1.3 

1.9 

Post  chlorine  dose 

0.00 

0.00 

0.00 

0.59 

0.00 

0.05 

0.40 

0.00 

0.06 

Alien i a 

0.23 

0.20 

0.21 

0.21 

0.12 

0.19 

0.17 

0.14 

0.16 

Sulphar  Dioxide 

O.OO 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

C12  Residaal -pi ant  (total) 

0.86 

0.66 

0.79 

0.85 

0.54 

0.79 

0.81 

0.60 

0.72 

-lab      (total) 

-lab      (free) 

Fluoride  dose 

1.05 

0.82 

0.96 

1.19 

0.95 

1.10 

1.12 

0.89 

1.01 

Fluoride  Residaal  -  lab 

MARCH 

Pre  chlorine  dose 

3.2 

1.5 

2.1 

3.0 

1.4 

2.1 

2.8 

1.4 

2.1 

Post  chlorine  dose 

O.SS 

0.00 

0.03 

0.48 

0.00 

0.07 

0.26 

0.00 

0.03 

Aaiooia 

0.24 

0.12 

0.21 

0.24 

0.18 

0.21 

0.22 

0.15 

0.20 

Sulphur  Dioxide 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

C12  Residual-plant  (total) 

0.87 

0.69 

0.78 

0.86 

0.68 

0.79 

0.85 

0.58 

0.74 

-lab      (total) 

-lab      (free) 

Fluoride  dose 

1.04 

0.87 

0.97 

1.20 

0.84 

1.03 

1.28 

0.98 

1.09 

Fluoride  Residaal  -  lab 

APRIL 

Pre  chlorine  dose 

3.1 

1.6 

2.1 

3.1 

1.5 

2.1 

2.9 

1.6 

2,2 

Post  chlorine  dose 

0.57 

0.00 

0.02 

1.00 

0.00 

0.13 

0.09 

0.00 

0.01 

AMOflia 

0.23 

0.20 

0.21 

0.21 

0.18 

0.20 

0.24 

0.19 

0.21 

Sulphur  Dimide 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

C12  Residual-plant  (total) 

0.86 

0.68 

0.78 

0.88 

0.69 

0.79 

0.83 

0.67 

0.76 

-lab      (total) 

0.88 

0.44 

0.74 

0.84 

0.52 

0.72 

0.83 

0.53 

0.71 

-lab      (free) 

0.01 

0.00 

0.00 

0.00 

0.00 

0.00 

0.20 

0.00 

0.01 

Fluoride  dose 

1.04 

0.00 

0.87 

1.21 

0.82 

1.02 

1.20 

0.92 

1.07 

Fluoride  Residaal  -  lab 

1.04 

0.18 

0.86 

1.13 

0.95 

1.04 

1.12 

i.v 

1.04 

MY 

Pre  chlorine  dose 

2.7 

1.6 

2.0 

3.5 

1.7 

2.1 

3.1 

1.5 

2.2 

Post  chlorine  dose 

0.87 

0.00 

0.14 

0.37 

0.00 

0.07 

0.15 

O.OO 

0.00 

Aiiofiia 

0.24 

0.19 

0.22 

0.80 

0.00 

0.19 

0.23 

0.19 

0.22 

Sulphur  Dioxide 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.36 

0.00 

0.01 

C12  Residual-plant  (total) 

0.91 

0.71 

0.81 

0.89 

0.65 

0.79 

0.89 

0.69 

0.80 

-lab      (total) 

-lab      (free) 

Fluoride  dose 

1.22 

0.89 

1.04 

1.07 

0.63 

0.89 

1.17 

0.57 

1.04 

Fluoride  Residaal  -  lab 

JUNE 

Pre  chlorine  dose 

2.5 

l.O 

1.6    ' 

2.7 

1.3 

2.1 

3.9 

1.6 

2.2 

Post  chlxine  dose               ! 

1.10 

0.05 

0.50    ! 

0.47 

0.00 

0.08 

0.22 

0.00 

0.03 

Aiionia                                1 

0.23 

0.19 

0.22    : 

0.22 

0.15 

0.20 

0.22 

0.17 

0.21 

Sulphur  Dioxide                    ! 

O.OO 

0.00 

0.00    ! 

0.00 

0.00 

0.00 

0.13 

0.00 

0.01 

C12  Residual-plant  (total)  ' 

0.B8 

0.74 

0.82    ! 

3.85 

0.72 

0.90 

0.91 

0.66 

0.80 

-lab      (total)   1 

-lab      (free)     ; 

Fluoride  dose                       1 

1.19 

0.00 

1.03   : 

1.05 

0.84 

0.93    ; 

1.12 

0.91 

1.01 

Fluoride  Residual  -  lab       ; 

laxiioi    iiniiui 


luiiui    tiniio*     lean 


Sources:  Cheiical  doses 

C12  Residual  -  plant 


C12  Residuals  -  lab 
Fluoride  Residual  -  lab 


)     Hater  Korks  Purification  Plant  Monthly  Report 
) 

)    Daily  laboratory  data  sheets 
) 


TABLE  J.O  (cont'd) 
THE  RE6I0MAL  MUNICIPftLlTY  OF  HANILTOH-KENTMORTH  HATER  TREATMENT  PLANT 


DISINFECTION  SUKNARY 
(ill  units:  •;/L) 


im 


1985 


1984 


HONTH 


JULY 


AUGUST 


SEPTEH8ER 


OCTOBER 


N0VEN8ER 


OECENBER 


CHEMICAL 

!      laxiaui 

•iniiui 

lean 

Pre  chlorine  dose 

:         2.8 

I.O 

1.9 

Post  chlorine  dose 

:       1.50 

0.00 

0.43 

Allodia 

I         0.23 

0.13 

0.20 

Sulphur  Dioxide 

;       0.00 

0.00 

0.00 

C12  Residual -pi lot 

(total) 

!         0.85 

0.55 

0.77 

-lab 

(total) 

!         0.78 

0.26 

0.S8 

-lab 

(free) 

!         0.09 

0.00 

0.00 

Fluoride  dose 

:         l.li 

0.00 

0.85 

Fluoride  Residual 

-  lab 

!          1.15 

0.31 

1.00 

Pre  chlorine  dose 

3.5 

1.8 

2.7 

Post  chlorine  dose 

0.59 

0.00 

0.13 

Atioflia 

0.26 

0.12 

0.22 

Sulphur  Diotide 

0.40 

0.00 

0.04 

CI 2  Residual -pi ant 

(total) 

0.99 

0.54 

0.78 

-lab 

(total) 

-lab 

(free) 

Fluoride  dose 

1.24 

0.00 

0.65 

Fluoride  Residual 

-  lab 

Pre  chlorine  dose 

2.4 

1.8 

2.1 

Post  chlorine  dose 

0.47 

0.00 

0.11 

Aaionia 

0.27 

0.21 

0.23 

Sulphur  Dioxide 

0.00 

0.00 

0.00 

C12  Residual-plant 

(total) 

0.90 

0.60 

0.81 

-lab 

(total) 

-lab 

(free) 

Fluoride  dose 

1.09 

0.88 

0.98 

Fluoride  Residual 

-  lab 

Pre  chlorine  dose 

2.7 

1.9 

2.2 

Post  chlorine  dose 

0.45 

0.00 

0.13 

Aaionia 

0.25 

0.19 

0.23 

Sulphur  Dioxide 

0.00 

0.00 

0.00 

C12  Residual-plant 

(total) 

0.91 

0.61 

0.83 

-lab 

(total) 

-lab 

(free) 

Fluoride  dose 

1.11 

0.83 

1.01 

Fluoride  Residual  - 

lab 

Pre  chlorine  dose 

2.3 

1.6 

2.0 

Post  chlorine  dose 

0.12 

0.00 

0.02 

Aiionia 

0.25 

0.03 

0.22 

Sulphur  Dioxide 

0.00 

0.00 

0.00 

C12  Residual-plant 

(total)  ! 

0.91 

0.57 

0.81 

-lab 

(total)  ! 

-lab 

(free)     ! 

Fluoride  dose 

4.30 

3.19 

3.91 

Fluoride  Residual  - 

lab       ; 

Pre  chlorine  dose 

2.1 

1.6 

1.8 

Post  chlorine  dose 

0.27 

0.00 

0.06 

Alton i a 

0,56 

0.10 

0.29 

Sulphur  Dioxide 

0.00 

0.00 

0.00 

C12  Residual-plant 

(total)  : 

0.90 

0.63 

0.83 

-lab 

(total)  ! 

0.96 

0.54 

0.78 

-lab 

(free)     ! 

0.08 

0.00 

0.00 

Fluoride  dose 

1.10 

0.00 

0.95 

Fluoride  Residual  - 

lab       : 

1.02 

0.B6 

0.95 

{      laxliui 

liniwi 

lean 

3.1 

1.6 

2.1 

1         0.84 

0.00 

0.10 

!         0.23 

0.19 

0.21 

:         0.00 

0.00 

0.00 

:         0.96 

0.73 

0.82 

:       1.03 

0.59 

0.80 

:      0.02 

0.00 

0.00 

!          l.IO 

0.82 

0.94 

:       1.60 

0.86 

1.02 

!           2.9 

1.8 

2.4 

!         0.36 

0.00 

0.07 

!         0.22 

0.18 

0.20 

!         0.00 

0.00 

0.00 

:         0.88 

0.72 

0.8! 

;       1. 11 

0.84 

0.98 

1          3.2 

1.9 

2.3 

I         0.39 

0.00 

0.04 

!         0.21 

0.19 

0.20 

1         0.00 

0.00 

0.00 

!         0.95 

0.69 

0.79 

:          1.02 

0.84 

0.94 

!           3.1 

1.4 

1.9 

:         0.56 

0.00 

0.04 

!         0.29 

0.18 

0.21 

;      0.00 

0.00 

0.00 

I         0.88 

0.73 

0.80 

!          1.15 

0.82 

0.96 

:          2.9 

1.7 

2.2 

:      0.18 

0.00 

0.01 

!         0.23 

0.20 

0.21 

;       0.00 

0.00 

0.00 

;         0.86 

0.74 

0.81 

1          1.05 

0.00 

0.90 

:        2.2 

1,4 

1.8 

!         0.00 

0.00 

0.00 

:         0.24 

0.09 

0.21 

:       0.00 

0,00 

0.00 

0.90 

0.65 

O.Bl 

0.90 

0,60 

0,78 

0.47 

0.00 

0.02 

1.13 

0,88 

0.99 

1.08 

0.89 

0.99 

laxiiui 

iinjiui 

lean 

2.7 

1.7 

2.0 

0.15 

0.00 

0.01 

0.22 

0.18 

0.20 

0.00 

0.00 

0.00 

0.91 

0.76 

0.82 

0.85 

0.58 

0.74 

0.00 

0.00 

0.00  : 

1.04 

0.87 

0.96    . 

1.07 

0.88 

0.99    ! 

3.4 

1.9 

2.5    : 

0.35 

O.OO 

0.10  ; 

0.22 

0.19 

0.20   ; 

0.00 

0.00 

0.00    ! 

0.93 

0.68 

0.81   : 

1.11 

0.79 

0.94    : 

2.8 

1.8 

2.2    ! 

0.23 

0.00 

0.03    I 

0.23 

0,14 

0.21     ! 

0.00 

0,00 

0.00   : 

0.91 

0,56 

0.8O   : 

1.21 

0.63 

0.98    ; 

4.1 

1.6 

2.6   : 

0.35 

0.00 

O.Ot     ! 

0.23 

0.16 

0.21   : 

0.00 

0.00 

0.00    l 

0.92 

0.63 

0.78    ; 

1.24 

0.00 

0.99    : 

3.6 

1.8 

2.3  ; 

0.84 

0.00 

0.10   : 

0.3<l 

0.19 

0.22    ! 

0.20 

0.00 

0.03   : 

1.14 

0.68 

0.81    ; 

1.17 

0,89 

1.07   : 

2.4 

1.5 

2.0   : 

0.36 

0,00 

0.06   ; 

0.23 

0.20 

0.21     ! 

0.00 

0.00 

0.00    t 

0.89 

0.68 

0.81    '. 

0.95 

0.48 

0.72    ! 

0.05 

0.00 

0.00   ; 

1.15 

0,?fl 

1.06   : 

1.17 

0,98 

1.06   : 

Sources:  Cheiical  doses 

C12  Residual  -  plant 


)  Nater  Norls  Purification  Plant  Monthly  Report 
) 


C12  Residuals  -  lab 


)  Daily  laboratorvdata  sheets 


TABLE  3.1 
THE  RESIONAL  RUtilCIPfiLITY  OF  HA«ILTO«-HEKTWRTH  lihTER  TREATKEKT  PLANT 
DISINFECTION  PROFILE 
APRIL  1986 


DATE 

CHLORIKE  DOSE 

ARMWilA 

SULPHUR 

CHLORINE. RESIDUAL 

FLUORIDE 

FLUORIDE 

DOSE 

DIOriDE 

plant 

lab 

lab 

DOSE 

RESIDUAL 

prf 

post 

DOSE 

total 

<ree 

total 

(sg/L) 

(»g/L) 

(■g/L) 

Itg/L) 

(tg/Ll 

(eg/L) 

01-ftpr-8i 

1.9 

0.00 

0.21 

0.00 

0.75 

0.00 

0.71 

1.03 

1.03 

02-Apr-86 

1.7 

0.00 

0.21 

"0.00 

0.77 

.1.02 

03-Apr-86 

1,7 

0.00 

0.21 

0.00 

0.61 

0.00 

0.77 

1.02 

0.98 

04-A?r-8i 

2.2 

0.00 

0.21 

0.00 

0.78 

0.00 

0.73 

0.98 

1.02 

05-Apr-86 

1.8 

0.00 

0.20 

0.00 

0.76 

o.oo 

0.8! 

0.95 

1,00 

Oi-Apr-8i 

2.2 

0.00 

0.22 

0.00 

0.84 

0.00 

0.84 

1.00 

1,03 

07-Apr-86 

2.0 

0.00 

0.22 

0.00 

0.77 

0.00 

0.83 

0.99 

1,04 

08-Apr-86 

1.9 

0.00 

0,22 

0.00 

0.77 

0.00 

0.64 

0,18 

09-Apr-8i 

2.2 

0.00 

0.21 

■  0.00 

0.76 

0.00 

0.69 

0.22 

10-Apr-8i 

2.1 

0.00 

0.22 

0.00 

0.80 

0.00 

0.74 

0.20 

ll-fipr-86 

1.9 

0.00 

0,22 

0.00 

0.83 

0.00. 

0.78 

1.04 

0,41 

12-Apr-86 

1.6 

0.00 

0.21 

0.00 

0.82 

0,00 

0.84 

0.94 

0.92 

13-Apr-8i 

1.8 

0.00 

0.23 

0.00 

0,86 

0.00 

0.68 

1.01 

l.Ol 

14-Apr-86 

1.7 

0.00 

0.22 

0.00 

0.80 

0.00 

0.76 

0.98 

0.98 

15-Apr-86 

1.7 

0.00 

0.21 

0.00 

0.78 

0.00 

0.76 

0.93 

0.95 

16-Apr-8t 

2.3 

0.00 

0.21 

0.00 

0.72 

0.92 

17-Apr-Bt 

2.3 

0.00 

0.21 

0.00 

0.72 

0.00 

0.78 

0.91 

0.98 

lB-Apr-86 

1.9 

0.00 

0.21 

0.00 

0.76 

0.95 

19-Apr-86 

1.8 

0.00 

■    -0.21 

0.00 

0,78 

0.98 

20-Apr-8i 

2.A 

0.00 

0.22 

0.00 

0.75 

0.00 

0.79 

1.03 

0.94 

2i-Apr-86 

2.7 

0.00 

0.23 

0.00 

O.Sl 

0.00 

0.80 

0.96 

0.95 

22-Apr-86 

3.1 

0.00 

0.21 

0.00 

0.75 

0.00 

0.7! 

0.89 

0.90 

23-Apr-8& 

2.3 

0.00 

0.21 

0.00 

0.68 

0.0! 

0.44 

0.92 

0.88 

24-Apr-86 

2.8 

0.57 

0.21 

0.00 

0.78 

0.00 

0.58 

0.92 

0.94 

25-Apr-86 

2.2 

0.00 

0.21 

0.00 

0.79 

o.oo 

0.70 

0.9! 

0.99 

26-Apr-8«> 

1.7 

0.00 

0.20 

0.00 

0.86 

0.00 

0.80 

0.95 

1.01 

27-Apr-86 

2.1 

0.00 

0.22 

0.00 

0.82 

0.00 

0.84 

0.99 

0.99 

28-Apr-86 

2.6 

0.00 

0.23 

0.00 

0.80 

0.00 

0.75 

1.01 

0.95 

29-fipr-86 

3.1 

0.00 

0.22 

0.00 

0.72 

0.00 

0.80 

0.98 

0.96 

30-Apr-86 

2.1 

0.00 

0.22 

0,00 

0.73 

0.00 

0.70 

0.95 

0.96 

&£xi£ua 

3.1 

0.57 

0.23 

0.00 

0.86 

0.01 

0.88 

1.04 

1.04 

(irsicut 

1.6 

0.00 

0.20 

0.00 

0.68 

0.00 

0.44 

0.89 

0.13 

iiean 

2.1 

0.02 

0.21 

0.00 

0.78 

0.00 

0.74 

0.97 

0.86 

tiiii 

30 

30 

30 

30 

30 

26 

26 

27 

26 

&tan  dev 

0.4 

0.10 

0.01 

0.00 

0.04 

0.00 

0.09 

0.04 

0.27 

Sources; 

:)hesical  dose: 

]      kic 

ter  Korks 

Purificatior 

Plant  f.t 

nthly  Report 

:i2  Residue!  - 

plant 

) 

C12  Resi^lutls  -  lab  )       Daily  laboratory  data  sheets 

Fluoride  Residual  -  lab      ) 


TABLE  3.1   (cont'd) 
THE  REBIOKAL  HUNlClPftLlTY  OF  HWdLTON-KEKTBORTH  SATER  TREATKEKT  PLANT 
DISINFECTION  PROFILE 
JULY  1986 


DATE 


01-Jul-B6 
02-JuI-86 
03-i)ul-8fc 
04-Jul-86 
05-JuI-8fc 
0i-Jul-8t 
01-M-U 
()8-JuI-86 
09-Jul-8t 
10-Ju1-8b 
ll-Ju]-8fc 
12-Jul-86 
13-Jul-86 
14-Jul-8fc 
15-Jul-86 
16-Jul-86 
17-Jul-8fc 
18-Jul-86 
19- Jul -86 
20-Jul-86 
21-Ju]-86 
22-Jul-86 
23-Jb1-86 
2A-Jul-86 
25-Jul-86 
26-Jul-86 
27-Jul-«6 
28-Jul-86 
29-vlul-86 
30-vlul-66 
31-vlul-86 


CHLORINE  DOSE 

pre       post 
(eg/L) 


A«K0N1A      SULPHUR 
DOSE       DIOhDE 
DOSE 
(iS/L)        (ig/L) 


CHLORINE  RESIDUAL 

plant       Isb  lab 

totel       irse        total 

(cg/Ll 


FLUORIDE  FLUORIDE 
DOSE  RESIDUAL 
iug/L)   (eg/L) 


1.1 
1.3 
1.1 
1.4 
1.0 
1.0 
1.3 
1.2 
1,0 
1.3 
2.1 
2.3 
2.3 
2.A 
2.5 
1.9 
2.2 
2.0 
1.9 
2.3 
2.4 
2.8 
2.5 
2.5 
2.3 
2.3 
2.3 
2.1 
2.2 
2.4 
2.0 


0.70 
0.69 
0.94 
1.40 
1.50 
1.20 
1.10 
0.80 
0.60 
0.70 
0.50 
0.30 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.28 
0.00 
0.31 
0.43 
0.23 
0.17 
0.10 
0.00 
0.18 
0.19 
0.17 
0.02 
0.72 


0.22 
0.19 
0.16 
0.13 
0,17 
0.20 
0,20 
0.21 
0,16 
0.21 
0.21 
0.20 
0.20 
0.21 
0.21 
0.21 
0.17 
0.21 
0.20 
0.21 
0,22 
0,23 
0.19 
0.21 
0.21 


0.18 


0.00 
0.00 
0.00 
0,00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0,00 
0.00 
0,00 
0.00 
0,00 
0.00 
0.00 
0.00 
0,00 
0.00 
0,00 
0.00 
0.00 
0,00 
0.00 
0.00 
0.00 


0,85 
0.83 
0,73 
0.81 
0.75 
0,72 
0.74 
0.35 
0.69 
0,83 
0,77 
0,83 
0,82 
0.74 
0.76 
0.67 
0,72 
0.69 
0.77 
0.78 
0.79 
0.83 
0.83 
0.81 
0.78 
0.79 
0.74 
0,81 
0.80 
0.70 
0.55 


0.00 
0,00 
0.00 
0.09 
0,00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0,00 
0.00 
0.00 
0.00 
0.00 
0.00 
0,00 
0,00 
0,00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 


0.70 
0.68 
0.58 
0.34 
0.47 
0.68 
0.78 
0.49 
0.65 
0.49 
0,74 
0.68 
0.76 
0.53 
0.42 
0.37 
0.38 
0.42 
0.74 
0.73 
0.59 
0.49 
0.55 
0.52 
0.61 
0.66 
0.75 
0.75 
0.68 
0.63 
0.26 


1.08 
1.04 
1.09 
1.06 
l.OI 
1.10 
1.00 
1.16 
1.09 
1.01 
1.09 
i.OS 
1.04 
1.01 
1.00 
1.08 
1.06 
1.02 
1.10 
1.07 
1.07 
1.12 
0.94 
1.10 
0.84 


1.09 
1.05 
1.10 
0.94 
1.00 
1.00 
1.05 
0.84 
1.00 
0.87 
1.03 
1.05 
1.01 
1.08 
1.15 
1.01 
1.02 
1.06 
1.04 
1.06 
1.03 
1.08 
1.06 
1.01 
1.00 
0.31 


iiinitiuii 
Kean 
tdata 
Stan  dev 


2.6       1.50 


1.0 

1.9 

31 

0.6 


0.00 

0.43 

31 

0.44 


0.23 
0.13 
0.20 
31 
0.02 


0.00 
0.00 
0.00 
31 
0.00 


0,85 
0.55 
0.77 
31 
0.06 


0.0? 
0.00 
0.00 
31 
0.02 


0.78 
0.26 
0.58 
31 
0.14 


1.16 
0.64 
1.05 
25 
0.06 


1.15 
0.31 

1.00 

26 

0.15 


Sourcei 


Chefiicil  doses 

C12  Residoal  -  pUnt 


)      tiater  t^orks  Purification  Plant  HontMy  Report 
)    , 


C12  Residuals  -  lab  )      Daily  laboratory  data  sheets 

Fluoride  Residual  -  lab      ) 


TABLE  3.1  (cont'd) 


THE  RE610KAL  MUNICIPALITY  OF  HANILTCK-KENTWORTK  HATER  TREATMENT  PLAKT 


DISINFECTION  PROFILE 


DECEKBER  1986 

DATE                 CHLORINE  DOSE 

AKHONIA 

SULPHUR 

CHLORINE  RESIDUAL 

FLUORIDE 

FLUORIDE 

DOSE 

DIOXIDE 

pi  ant 

lab    . 

lab 

DOSE 

RESIDUAL 

pre 

post 

DOSE 

total 

free 

total 

(»g/L) 

<i9/L) 

(*g/L) 

[^li) 

(Bg/L) 

(ig/L) 

01-Dec-8t 

1,9 

O.OA 

0,10 

0.00 

0,63 

0.08 

0,54 

0.94 

0,93 

02-DK-8fc 

2.0 

0.04 

0,24 

0.00 

0.80 

0.00 

0.88 

1.01 

0.97 

03-Dec-B6 

1.9 

0.04 

0,24 

0.00 

0.82 

0,00 

0.82 

1.02 

0.94 

OA-bK-ib 

2.0 

0.04 

0.23 

0.00 

0.78 

0,00 

0.84 

0.98 

0.94 

05-DEC-86 

2.0 

0.12 

0.23 

0.00 

0.78 

0.00 

0.72 

1.02 

0.94 

Ot-Dec-et 

1,7 

0.00 

0.23 

0.00 

0.88 

0.00 

0,85 

1.01 

1,00 

07-Dec-6t 

1.6 

0.00 

0.23 

0.00 

0.82 

0,00 

0.84 

1.03 

0,97 

08-Dec-86 

1.8 

0.05 

0.24 

0.00 

0.88 

0.00 

0.84 

1.10 

0,97 

09-Dec-86 

1.7 

0.27 

XI.  25 

0.00 

0,85 

0.00 

0.68 

l.Oi 

0,95 

IO-Dk-86 

1.7 

0.27 

0.24 

0.00 

0,84 

0.00 

0.87 

0.98 

1,01 

U-DK-B6 

1,7 

0.27 

0;24 

0.00 

0.78 

0.00 

0.78 

0.9-0 

1.02 

12-Dec-86 

2.0 

0.00 

0.25 

0.00 

0.79 

0.00 

0.66 

1,01 

0.95 

13-DK-8fc 

1.7 

0.00 

0.23 

0.00 

0.84 

0.00 

0,64 

0.89 

0.92 

14-Dec-86 

1.7 

0.00 

0.23 

0.00 

0.90 

0,97 

15-DK-8fc 

1.9 

0.04 

0.24 

0,00 

0,84 

0.00 

0.81 

1,00 

0,92 

li-DK-86 

1,7 

0.06 

0,26 

0.00 

0.86 

0.00 

0,69 

1.05 

0,93 

!7-DK-8t 

1,7 

0.02 

0,25 

0.00 

0.87 

0,00 

0.75 

1.01 

1.00 

18-Dec-B6 

1,8 

0.04 

0,24 

0.00 

0,85 

0,00 

0,73 

0.97 

0.94 

19-Dec-e4 

1.9 

0.14 

0,23 

0.00 

0,90 

.0.94 

20-Dec-86 

l.i 

0.00 

0,21 

0,00 

0.86 

0.97 

21-Dec-B6 

1.7 

0.00 

0,22 

0.00 

0.80 

1.03 

22-Dec-86 

1.8 

0,00 

0,22 

0,00 

0.79 

0,96 

23-DK-8& 

1.8 

0.00 

0,22 

0,00 

0.85 

0,92 

24-Dec-86 

1.9 

0.11 

0.25 

0.00 

0.82 

1,01 

25-Dec-86 

1.8 

0.00 

0.25 

0.00 

0.82 

0,00 

26-Dec-86 

2.1 

0.05 

0,53 

0.00 

0.80 

0.95 

27-Dec-Bfc 

1.9 

0.00 

0,55 

0,00 

0.86 

0,00 

0,89 

1.02 

0.93 

28-Dec-8fc 

2.0 

0.00 

0,56 

0,00 

0.88 

0.00 

0.96 

1.03 

0.86 

29-Dec-86 

l.B 

0.04 

0,47 

0,00 

0.83 

0,00 

0.81 

0.87 

0.89 

30-Dec-86 

1.7 

0,00 

0.47 

0.00 

0.88 

0,92 

31-DEC-86 

1,9 

0.07 

0.52 

0.00 

0.87 

0,99 

KaxifUB 

2.1 

0.27 

0.56 

0.00 

0.90 

0.08 

0.96 

1.10 

1.02 

Kiniriut 

l.fc 

0,00 

0.10 

0.00 

0.63 

0.00 

0.54 

0.00 

0.66 

Man 

1.8 

0.06 

0.2? 

0.00 

0.83 

0.00 

0.78 

0.95 

0.95 

tdata 

31 

31 

31 

31 

31 

20 

20 

31 

■  20 

5t£n  dev 

0.1 

0.08 

0.12 

0.00 

0.05 

0,02 

0.10 

O.IS 

0.04 

urces:        CheKica 

1  dosej 

}      V. 

iter  tiorks  Pur 

H  cation 

plant  Monthly  Repc 

rt 

CI  2  Res 

idual  - 

plant 

) 

C12  Residuals  -  lab     )   Daily  laboratory  data  sheets 
Fluoride  Residual  -  lab   ) 


TABLE  3.1  (cont'd) 
THE  RESIONftL  «UKlCIPfiLITY  OF  HAHlLTOK-KEKTtiORTH  WATER  TREATKENT  PLA»iT 
DISIKFECTIW  PROFILE 
fiPfilL  1985 


■65 


DATE 


01-Apr-B5 

02-Apr-S5 

03-Apr-85 

W-Apr-85 

05-Apr-85 

06-Api   __ 

07-Hpr-S5 

08-Api    ■" 

09-Api 

10-fipi 

11-Apr-l 

I2-Ap! 

13-Api 

14-fipr 

15-Api 

1&-Api 

17-Api 

18-Api 

19 

20-1 

21-1 

22- 

23- 

2<- 

25- 

2i- 

27- 


•-Api 
-Api 
-Api 
-Apr-85 
■Apr-65 
■Apr-85 
■Apr-85 
■Apr-85 
■Apr-85 
■Apr-35 
■Apr-65 
30-Apr-8j 


29; 


-85 
-65 
-85 
-85 
-85 
-85 
-85 
•85 
■85 
-85 


eeen 
sttn  dEv 


CI  2  ReEiduel  -  plsrit 


CHLORINE  MSE 

AfifiDNIA 

SULPHLifi 

CHLORINE  RESIDUAL 

FLUORIDE 

FLUORIDE 

DOSE 

DIDHDE 

plsnt 

lab 

lab 

DOSE 

RESIDUAL 

pre 

post 

•DOSE 

totel 

^ree 

total 

(eq/L) 

(tg/L) 

(ig 

/L) 

fsg/L) 

(sg/L) 

(ig/L) 

2,6 

0.17 

0.21 

0.00 

0.73 

0.00 

0.70 

1.19 

1.09 

2.A 

0.19 

0.21 

0.00 

0.77 

0.00 

0.72 

1.00 

1.03 

2.1 

0.00 

0.20 

0.00 

0.75 

0.00 

0.83 

0.91 

1.02 

2,2 

0.42 

0.20 

0.00 

0.75 

0.00 

0.68 

0.90 

1.02 

2.1 

0.00 

0.19 

0.00 

0.73 

0.00 

0.74 

0.90 

0.96 

2.0 

0.00 

0.19 

0.00 

0.80 

0.00 

0.68 

1,03 

0.93 

2.1 

0.36 

0.20 

0.00 

0.77 

0.00 

0.72 

1.09 

1.02 

1.8 

0.00 

0.20 

0.00 

0.79 

0.00 

0.81 

1.02 

1.06 

2.1 

0.13 

0.20 

0.00 

0.69 

0.00 

0.70 

1.05 

1.01 

1.9 

0.00 

0.20 

0.00 

0.76 

0.00 

0.76 

1.05 

1.02 

1,8 

0.00 

0.20 

0.00 

0.80 

0.00 

0.84 

0.99 

1.05 

2,0 

0.00 

0.20 

0.00 

0.81 

0.00 

0.80 

1,07 

1.09 

1.5 

0.00 

0.19 

0.00 

0.84 

0.00 

0.84 

1.04 

0.99 

1.7 

0.00 

0.20 

0.00 

0.82 

0.00 

0.81 

1,09 

1.08 

1.7 

0.32 

0.20 

0.00 

0.81 

0.00 

0.74 

1,09 

1.12 

1.8 

0.31 

0.18 

0.00 

0.82 

0.00 

0.65 

0.82 

0.97 

2.3 

0.24 

0.20 

0.00 

0.79 

0.00 

0.56 

1,12 

1.02 

1.8 

0.18 

0.20 

0.00 

0.74 

0.00 

0.60 

1.09 

1.02 

2,5 

0.00 

0.20 

0.00 

0.84 

1.01 

2,0 

0.00 

0.20 

0.00 

0.63 

1.08 

2,1 

0.45 

0.18 

0.00 

0.84 

1.11 

3.0 

1.00 

0.20 

0.00 

0.72 

0.00 

0.70 

1.21 

1.13 

3.1 

0.00 

0.21 

0.00 

0.75 

0.00 

0.99 

1.06 

3.1 

0.00 

0.21 

0.00 

0.78 

0.00 

0.52 

0.98 

1.06 

2.8 

0.00 

0.21 

0.00 

0.81 

0.00 

0.56 

1.01 

1.08 

2.2 

0.00 

0.20 

0.00 

0.86 

0.00 

0.70 

0.95 

0.96 

1.9 

0.00 

0.20 

0.00 

0.88 

0.00 

0.75 

1.00 

0.95 

1.6 

0.00 

0.21 

0.00 

0.79 

0.00 

0.80 

1.01 

1.08 

1.6 

0.00 

0.21 

0.00 

0.84 

0.00 

0.72 

0.95 

1.02 

1.9 

0.00 

0.21 

0.00 

0.84 

0.00 

0.76 

0.99 

1.06 

3. 1 

1.00 

0.21 

0.00 

0.88 

0.00 

0.84 

1.21 

1.13 

1.5 

0.00 

0.!8 

0.00 

0.69 

0.00 

■0.52 

0.82 

0.95 

2.1 

0.13 

0.20 

0.00 

0.79. 

0.00 

0.72 

1.02 

1.04 

30 

30 

30 

30 

30 

27 

26 

30 

27 

o.< 

0.22 

0.01 

0.00 

0.05 

0,00 

0.09 

O.OS 

0.05 

ater  fcoriE  Purif icatiori  PUnt  rt!jrll^fly  Report 


Ci2  ftEEiCi;alE  -  Ub  )      Daily  laboratory  data  iheets 
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TABLE  3.1  iconfd) 


THE  RESiOHAL  SUSIClPfiLiTY  OF  HA«ILTQK-«E«T«CftTH  «ATEft  TREATKEKT  PLANT 


SISIKF£CTIO«  PROFILE 

vlUlY  1985 

DATE 

CHLOf:M  DCSE 

AKNOKIA 

SULPHUR 

CHLORINE  RESIDUAL 

FLUORIDE 

Fluoride 

DOSE 

niCJIDE 

plant 

lab 

lab 

DOSE 

RESIDUAL 

pre 

pKt 

It&SE 

total 

4ree 

total 

(sg/Ll 

(eg/D 

<fig 

L) 

ieg/L) 

(B§/L> 

(sg/L) 

01-Jul-B5 

3.1 

0.54 

0,23 

0,00 

0.74 

0.00 

0.98 

0.50 

0.98 

02-Jul-85 

2.7 

0,69 

.0,22 

0.60 

0.75 

0.00 

1.03 

0.82 

C.97 

03-Jul-35 

2.5 

0.00 

0.21 

0.00 

0.77 

0.00 

O.Si 

0,92 

0.98 

M-JbI-85 

2.5 

0,00 

0.20 

0,00 

0.79 

0,00 

0.90 

0.97 

1.04 

05-Jul-S5 

2.3 

0.00 

0,20 

0.00 

0.B2 

0.01 

0.97 

0.89 

0.92 

06-JU1-85 

2.2 

0.00 

0,19 

0,00 

0.84 

0,01 

0.93 

0.90 

0.83 

07 -Jul -85 

1.9 

0,14 

0,20 

coc 

0.73 

0,02 

0.72 

1.10 

■    1.06 

(>3-v1u}-85 

l.k 

0,30 

0,19 

0,00 

0.79 

0,00 

0.77 

0.83 

0.96 

09-Jul-85 

2.1 

0.0  J 

0,21 

0.00 

0.80 

0.00 

0.8'9 

0,96 

0.98 

lO-Jul-85 

2.0 

0.00 

0,20 

0,00 

0.81 

0,00 

0.86 

0,87 

1.01 

ll-M-85 

2.2 

0,00 

0,21 

0,00 

0.74 

0,00 

0.89 

0.90 

0.99 

12-Jul-85 

2.3 

0,20 

0,21 

0.00 

0.87 

0,00 

0.91 

0.91 

0.90 

13-Jul-85 

1.6 

0,00 

0.20 

0.00 

0.81 

0.00 

0.81 

0.9^9 

1.00 

lA-Jul-85 

1.7 

0,00 

0,19 

0,00 

0.79 

0.00 

0.76 

0.94 

0.99 

IS- Jul -85 

1.8 

0.20 

0,20 

0.00 

0,79 

0.00 

0.69 

0,88 

1.02 

16-Jul-85 

2.0 

0,00 

0,21 

0,00 

0.87 

0.00 

0.82 

l.Ol 

1,04 

17-Jul-85 

1.8 

0,00 

0,23 

0.00 

0.78 

0.01 

0.64 

1.01 

1,03 

18-Jul-85 

■     2.2 

0,00 

0.22 

0,00 

0.84 

0.02 

0.63 

0.92 

1.02 

19-Jul-S5 

2.3 

0,00 

0,23 

0,00 

0,90 

0.01 

0.92 

1.04 

0.98 

20-Jiil-S5 

1.9 

o.co 

0,23 

0,00 

0,96 

0.00 

0.89 

0,93 

0.97 

2i-M-85 

1.8 

0,00 

0.23 

0.00 

0,73 

0.00 

0.66 

0.9-2 

1.02 

22-Jul-85 

2.3 

o.ie 

0,20 

0,00 

0.79 

0.00 

0.59 

0.92 

0.92 

23-Jul-85 

2.3 

0,17 

0.23 

0.00 

0,78 

0.00 

0.74 

0.95 

0.66 

24-Jul-85 

2.2 

0,18 

0.23 

0.00 

0.79 

0.00 

0.65 

0.92 

0.92 

25-Jul-85 

2.0 

0,18 

0,22 

0.00 

0.87 

0.00 

0.74 

0.90 

0.92 

26-Jul-85 

2.0 

0,00 

0.23 

0.00 

0.83 

0.00 

0.64 

1.00 

1.01 

27-Jul-S5 

1.8 

0,00 

0.21 

0,00 

0.90 

0.00 

0.80 

0.96 

1.20 

23-Jul-85 

1.8 

0.00 

0,21 

0.00 

0.86 

0.00 

0.71 

0.96 

-1.60 

29slul-S5 

1.9 

0.00 

0.23 

0.00 

0.89 

0.00 

0.82 

0.91 

1.39 

30-Jul-35 

2.0 

0.00 

0,20 

0.00 

0.87 

0.00 

0.85 

0.92 

1.10 

31-Jul-85 

2.3 

0.00 

0,20 

0,00 

0.S9 

0.00 

0.80 

.0.94 

1.03 

texifiue 

3.1 

0.84 

0,23 

0,00 

0.96 

0.02 

1.03 

l.-O 

1.60 

r'i'tid'jc 

l.fr 

0.00 

0,19 

0,00 

0.73 

0.00 

0.59 

0.52 

0.86 

fiEen 

2.1 

0.10 

0,21 

0.00 

0.82 

0.00 

O.SO 

0.94 

1.02 

Uiic 

31 

31 

31 

31 

31 

31 

31 

31 

ii 

'tap.  CEv 

0.3 

0.20 

0.01 

0,00 

0.06 

0.01 

0.1! 

V.06 

0.14 

C'urcEE:        Chet 

iCtl    dO£E 

5 

)         i!£ 

ter  ^ori-E  Fur 

*icet]or 
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nthly  Report 
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TABLE  3.1  (cont'd) 
THE  RE6I0NAL  KUKICIPALITY  OF  HA«ILTOK-WENT«QRTH  SATEfi  TREATMENT  PLANT 
DISINFECTION  PROFILE    . 


DECEMBER  1985 

DATE 

CHLORINE  DOSE 

AKKONIA 

SULPHUR 

CHLORINE  RESIDUAL 

FLUORIDE 

FLUORIDE 

DOSE 

DIOIIDE 

plant 

lab 

leb 

DOSE 

RESIDUAL 

pre 

post 

DOSE 

totsi 

^ree 

tctal 

(cg/L) 

(sg/L) 

(ig/L) 

(sg/L) 

(eg/L) 

(ig/L) 

Ol-Dec-eS 

1.8 

0.00 

0.21 

0.00 

0.S5 

0.00 

0.84 

1.08 

1.06 

02-Dec-85 

2.0 

0.00 

0.21 

0.00 

0.80 

0.00 

0.73 

0.93 

0.99 

03-Dec-85 

2.0 

0.00 

0.11 

0.00 

0.81 

0.00 

0.72 

0.91 

0.89 

04-DK-85 

2.0 

0.00 

0.09 

0.00 

0.90 

0.47 

0.70 

0.93 

0.98 

05-Dec-B5 

1.9 

0.00 

0.21 

0.00 

0.80 

0.00 

0.77 

0.99 

1.00 

Oi-DK-85 

1.7 

0.00 

0.21 

0.00 

0.81 

0.00 

0.72 

0.96 

0.98 

07-DK-85 

1.7 

0.00 

0.21 

0.00 

0.86 

0.00 

•     0.78 

0.97 

0.98 

08-DBC-85 

1.5 

0.00 

0.22 

0.00 

0.88 

0.00 

0.86 

1.02 

0.96 

09-Dec-85 

2.1 

0.00 

0.22 

0.00 

0.82 

1.05 

lO-Dec-85 

2.0 

0.00 

0.22 

0.00 

O.Sl 

0.99 

II-Dec-85 

2.0 

0.00 

0.22 

0.00 

0.83 

0.98 

12-Dec-85 

2.2 

0.00 

0.22 

0.00 

0.84 

0.01 

0.71 

0.99 

0.99 

13-DK-85 

1.9 

0.00 

0.23 

0.00 

0.82 

0.00 

0.77 

0.91 

1.01 

14-DBC-85 

1.7 

0.00 

0.21 

0.00 

0.84 

0.04 

0.74 

0.98 

0.99 

15-Dec-65 

2.0 

0.00 

0.21 

0.00 

0.66 

1.07 

16-Dec-85 

1.8 

0.00 

0.22 

0.00 

0.84 

0.00 

0.90 

1.10 

1.00 

J7-Dec-85 

2.0 

0.00 

0.22 

0.00 

0.81 

0.00 

0.61 

0.92 

0.94 

18-DK-85 

2.0 

0.00 

0.20 

0.00 

0.69 

0.00 

0.79 

1.05 

0.96 

19-DK-85 

1.9 

0.00 

0.20 

0.(K) 

0.65 

0.00 

0.60 

1.00 

•      1.03 

20-Dec-85 

1.9 

0.00 

0.22 

0.00 

0.79 

0.98 

21-DK-85 

1.8 

0.00 

0.24 

0.00 

0.83 

0.00 

0.87 

1.13 

0.96 

22-Dec-B5 

1.4 

0.00 

0.22 

0.00 

0.S3 

0.00 

0.90 

0.97 

i.oi 

23-DK-85 

1.8 

0.00 

0.22 

0.00 

0.80 

0.00 

0.79 

0.97 

0.92 

24-DK-85 

1.8 

0.00 

0.22 

0.00 

0.83 

0.00 

0.90 

1.03 

0.95 

25-Dec-85 

2.2 

0.00 

0.21 

0.00 

,  0.70 

0.00 

0.77 

0.88 

0.96 

26-Dec-85 

2.0 

0.00 

0.22 

0.00 

0.68 

0.00 

0.79 

1.01 

1.02 

27-DK-85 

1.7 

0.00 

0.21 

0.00 

0.84 

1.01 

28-Dec-85 

1.5 

0.00 

0.21 

0.00 

0.82 

0.99 

29-DK-85 

1.5 

0.00 

0.22 

0.00 

0.8B 

0.00 

0.89 

0.97 

1.01 

30-Dec-85 

1.8 

0.00 

0.18 

0.00 

0.83 

0.00 

0.74 

0.99 

1.08 

31-DK-S5 

1.4 

0.00 

0.16 

0.00 

0.80 

0.00 

0.64 

0.96 

1.03 

eaxisun 

2.2 

0.00 

0.24 

0.00 

0.90 

0.47 

0.90 

1.13 

1,08 

(iiniftuii 

1.4 

0.00 

0.09 

0.00 

(1.65 

0.00 

0.60 

0.88 

0.89 

tean 

1.8 

0.00 

0.21 

0.00 

0.31 

0.02 

0.78 

0.99 

0.99 

Sdstd 

31 

31 

31 

31 

31 

24 

24 

31 

24 

5tan  dev 

0.2 

0.00 

0.03 

0.00 

0.06 

0.09 

o.ca 

0.06 

0.04 

JUrCEE!           1 

CheLice!  doEEs 

)      Mi 

iter  «Drl:s  Pur 

ificstic.n  Plant 

Monthly  1 

\eport 

1 

D12  REEiduil 
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) 
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TABLE  3.1  (cont'd) 
THE  REGIONAL  KLSNIClPALiTV  OF  HAKILTON-tfEKTKORTH  KATER  TREATMENT  flANT 
DISINFECTION  PROFILE 


APRIL  19S4 

DATE 

CHLORIKE  DOSE 

AflNONIA 

SULPHUR 

CHLORINE  RESIDUAL 

FLUORIDE 

FLUORIDE 

DOSE 

DIOIIDE 

plant 

lab 

lab 

DOSE 

RESIDUAL 

pre 

pC'Et 

DOSE 

total 

<ree 

total 

iag/L) 

(ig/L) 

(*g/L) 

Ug/L) 

(eg/L) 

(sg/L) 

01-Apr-8i 

\                1.9 

0.00 

0.19 

0.00 

0.71 

0.00 

0.70 

1.12 

1.02 

02-Apr-8i 

\                2.1 

0.00 

0.19 

0,00 

0.79 

0.00 

0.68 

1.10 

1.01 

03-Apr-8' 

1               2.5 

0.00 

0.22 

0.00 

0.79 

0.00 

0.72 

1.11 

1.07 

04-Apr-8. 

;              2.8 

0.00 

0.22 

0.00 

0.78 

0.00 

0.77 

1.05 

1.08 

05-Apr-8i 

\               2.6 

0.00 

0.22 

0.00 

0.78 

0.00 

0.72 

1.08 

■1.06 

Oi-Apr-8' 

2.4 

0.00 

0.21 

0.00 

0.73 

0.20 

0.63 

1.08 

1.03 

07-Apr-8 

\               2.6 

0.00 

0.21 

0.00 

0.82 

0.00 

0.78 

1.18 

1.10 

08-Apr-8i 

;           2.7 

0,00 

0.19 

0.00 

0.67 

0.00 

0.67 

1.20 

1.07 

09-Apr-8i 

2.3 

0.00 

0.21 

0.00 

0.68 

0.03 

0.58 

1.05 

0.97 

lO-fipr-B' 

\                1.9 

0.00 

0.22 

0.00 

0.75 

0.00 

0.71 

1.06 

1.04 

ll-Apr-8^ 

1.8 

0.00 

0.21 

0.00 

0.74 

0.00 

0.68 

1.14 

1,03 

12-Apr-8< 

I                1.7 

0.00 

0.21 

0.00 

0.75 

0,00 

0.69 

0.98 

1.02 

13-Apr-8' 

I               2.0 

0.00 

0.21 

0.00 

O.Bl 

0.00 

0.79 

1.02 

1.01 

14-Apr-8' 

\               1.9 

0.00 

0.20 

0.00 

0.81 

0.00 

0.83 

1.08 

1.04 

15-Apr-8' 

1.6 

0.00 

0.21 

0.00 

0.75 

0.00 

0.82 

1.04 

1.04 

16- Apr -8' 

I               2.1 

0.00 

0.22 

0.00 

0.74 

0.00 

0.75 

1.01 

1.00 

17-Apr-8J 

!               2.6 

0.00 

0.22 

0.00 

0.69 

0.00 

0.53 

1.03 

1.04 

18-Apr-8' 

\               2.4 

0.08 

0.20 

0.00 

0.77 

0.00 

0.68 

1.03 

1.02 

19-Apr-8J 

\               2.2 

0.00 

0.21 

0.00 

0.78 

0.00 

0.75 

1.00 

1.03 

20-Apr-8J 

\                1.9 

0.09 

0.20 

0.00 

0.77 

0,00 

0.68 

1.03 

1.00 

21-Apr-8' 

1                2.4 

0.00 

0.20 

0.00 

0.77 

0.00 

0.76 

1.04 

1.02 

22-Apr-8' 

}               2.7 

0.00 

0.22 

0.00 

0.69 

0.09 

0.56 

1.05 

1.12 

23-Apr-8 

2.9 

0.00 

0.21 

0.00 

0.76 

0.00 

0.59 

0.92 

1.00 

24-Apr-B 

2.1 

0.00 

0.21 

0.00 

0.80 

0.00 

0.72 

1.04 

1.00 

25-Apr-8 

5               2.1 

0.00 

0.21 

0.00 

0.78 

0.00 

0.75 

0.99 

1.05 

26-Apr-B 

\                1.8 

0.00 

0.21 

0.00 

0.79 

0.00 

0.72 

1.16 

1.04 

27-Apr-8 

5               1.9 

0.00 

0.21 

0.00 

0.78 

0.00 

0.74 

1.19 

1.08 

'28-Apr-8 

\                1.6 

0.00 

0.20 

0.00 

0.81 

0.00 

0.75 

1.07 

1.08 

29-fipr-8 

i               2.1 

0.00 

0.23 

0.00 

0.81 

0.00 

0.81 

1.14 

1.08 

30'Apr-8 

\               2.1 

0.00 

0.24 

0.00 

0.83 

0.00 

0.79 

1.05 

1.07 

e2xiiiu(t 

2.9 

0.09 

■  0.24 

0.00 

0.83 

0.20 

0.E3 

1.20 

1.12 

fiiniiut 

l.fc 

0.00 

0.19 

0.00 

0.67 

0.00 

0.53 

0.92 

0.97 

cieen 

2.2 

0.01 

0.21 

0.00 

0,76 

0.01 

0.71 

1.07 

1.04 

idets 

30 

30 

30 

30 

30 

30 

30 

30 

30 

Etan  dev 

0.4 

0.02 

0.01 

0.00 

0.04 

0.04 

0.07 

0.06 

0.03 

Sources: 


Cheiical  doEes 

C32  ReEidual  -  plant 


)      «ater  tiorVs  Puritication  Plant  Konthly  Report 
) 


C12  REiidiial5  -  lab  )      Daily  laboratory  data  sheets 

Fluoride  Residual  -  lab      )  ^~ 


TABLE  3.1  (cont'd) 
THE  REGIONAL  HUNICIPALITY  OF  HAKILTCN-WENTfiOflTH  KATER  TREATMENT  PLAKT 
DISINFECTION  PROFILE 
JULY  1934 


DATE 

CHLORINE  DOSE 

AMMONIA 

SULPHUR 

CHLORINE  RESIDUAL 

FLUORIDE 

FLUORIDE 

DOSE 

DIOXIDE 

plant 

lab 

lab 

DOSE 

RESIDUAL 

pre 

post 

DdSE 

total 

{ree 

total 

i»g/L) 

(ig/L) 

(sg/L) 

(ng/L) 

(Bg/Ll 

(Bg/L) 

0I-Jul-B4 

2.7 

0.00 

0.21 

0.00 

0.78 

0.00 

0.63 

0.67 

0.94 

02-Jul-84 

2.2 

0.00 

0.20 

0.00 

0.89 

0.00 

0.73 

1.01 

0.98 

03-JU1-B4 

2.0 

0.00 

0.21 

0.00 

0.81 

0.00 

0.82 

0.95 

0.99 

04-Jul-84 

2.4 

0.00 

0.22 

0.00 

0.61 

0.00 

0.76 

1.00 

1.06 

05-Jul-B4 

2.1 

0.00 

0.19 

0.00 

0.84 

0.00 

0.84 

0.83 

0.93 

Oi-Jul-84  • 

2.2 

o'.oo 

0.19 

0.00 

0.79 

0.00 

0.77 

0.91 

1.04 

07-Jul-B4 

2.0 

0.00 

0.20 

0.00 

0.76 

0.00 

0.77 

0.95 

0.88 

08-3ul-E4 

1.9 

0.00 

0.21 

0.00 

0.91 

0.00 

0.85 

1.03 

1.02 

09-JU1-84 

2.! 

0.00 

0.21 

0.00 

0.83 

0.00 

0.76 

1.01 

1.04 

lO-Jul-84 

l.B 

0.00 

0.20 

0.00 

0.80 

0.00 

0.58 

0.93 

0.96 

n-Jul-S4 

1.8 

0.00 

0.20 

0.00 

0.76 

0.00 

0.65 

0.90 

0.98 

12-Jd-84 

2.0 

0.00 

0.18 

o.po 

0.82 

0.00 

0.64 

0.93 

1.02 

13-Jul-84 

2.2 

0.00 

0.21 

0.00 

0.77 

0.00 

0.66 

1.01 

1.03 

14-JU1-84 

2.0 

0.00 

0.21 

0.00 

0.87 

0.00 

0.81 

1.00 

1.07 

15-3q1-B4 

l.B 

0.00 

0.21 

0.00 

0.64 

0.00 

0.83 

1.02 

1.04 

!i-Jul-84 

1.9 

0.00 

0.21 

0.00 

0.80 

0.00 

0.77 

0.98 

1.05 

17-3ul-84 

1.7 

0.00 

0.21 

0.00 

0.78 

0.00 

0.66 

0.94 

1.04 

18-JU1-B4 

1.8 

0.00 

0.20 

0.00 

0.78 

0.00 

0.68 

0.92 

0.95 

19-Jul-84 

2.2 

0.00 

0.20 

0.00 

O.SO 

0.00 

0.65 

0.92 

1.01 

20-JU1-84 

2.0 

0.00 

0.20 

0.00 

0.81 

0.00 

0.71 

1.01 

1.04 

21-Jiil-84 

1.9 

0.00 

0.21 

0.00 

0.84 

0.00 

0.78 

1.04 

1.00 

22-Jul-64 

1.8 

0.00 

0.21 

0.00 

0.82 

0.00 

0.81 

1.03 

1.05 

23-Jul-84 

1.8 

0.00 

0.19 

0.00 

0.84 

o.oo 

0.77 

0.91 

1.05 

24-Jul-84 

2.0 

0.00 

0.21 

0.00 

0.88 

0.00 

0.72 

1.01 

1.04 

25-Jul-B4 

1.9 

0.00 

0.19 

0.00 

0.79 

0.00 

0.79 

0,97 

0.98 

26-Jul-g4 

2.1 

0.00 

0.19 

0.00 

0.77 

0.00 

0.68 

0.97 

0.99 

27-Jul-64 

2.0 

0.00 

0.20 

0.00 

0.82 

0.00 

0.74 

0.96 

0.89 

28-Jul-B4 

1.9 

0.05 

0.20 

0.00 

0.84 

0.00 

0.85 

0.96 

0.89 

29-3u]-84 

1.7 

0.00 

0.19 

0.00 

0.82 

0.00 

0.82 

0.98 

0.94 

30-Jul-S4 

1.9 

0.06 

0.20 

0.00 

0.83 

0.00 

0.72 

0.94 

0.93 

31-Jul-S4 

2,1 

0.15 

0.20 

0.00 

o.eo 

0.00 

0.73 

0.93 

0.98 

f'Sxi&iit! 

2.7 

0.15 

0.22 

0.00 

0.91 

0.00 

0.85 

1.04 

1.07 

ftinitiuit 

1.7 

0.00 

0.18 

0.00 

0.76 

0.00 

0.58 

0.83 

0.88 

&Ean 

2.0 

0.0,1 

0.20 

0.00 

0.82 

0.00 

0.74 

0.96 

0.99 

Jdata 

31 

31 

31 

31 

31 

31 

31 

31 

31 

Stan  oev 

0.2 

0.03 

0.01 

0.00 

0.04 

0.00 

0.07 

0.05 

0.05 

Sources:       Chesical  doseE  )      Kater  K'orks  Puritication  Plant  Monthly  Report 

CI 2  Residual  -  plant  ) 

C12  Residuals  -  lab  )      Daily  laboratory  data  sheets 

Fluoride  Residual  -  lab  ) 


TABLE  3.1  (cont'd) 
m  REGIONAL  «UKICIPALITY  OF  HfiMlLTOK-WEKTHCRTH  KATER  TREATHEKT  PLANT 
DISINFECTION  PROFILE 


DE 

CEKBER  1984 

DATE 

CHLORINE  DOSE 

AKWNIA 

SULPHUR 

CHLORINE  RESIDUAL 

FLUORIDE 

FLUORIDE 

DOSE 

DIOKIDE 

plant 

lab 

lab 

DOSE 

RESIDUAL 

pre 

post 

DOSE 

total 

free 

total 

(SQ/L) 

(tg/L) 

(e 

g/U  . 

(sg/L) 

(•^/L) 

(tg/L) 

Ol-Dec-e' 

2.0 

0.07 

0.21 

0.00 

0.75 

0.00 

0.59 

1.06 

1.05 

02-Dec-B' 

2.3 

0.00 

0.22 

0.00 

0.85 

0.00 

0.81 

1.05 

1.02 

03-Dec-8i 

*2.4 

0.00 

0.22 

0.00 

0.88 

0.00 

0.84 

1.11 

.     1.09 

M-Dk-8< 

2.3 

0.16 

0.21 

0.00 

0.81 

0.00 

0.79 

1.06 

}.08 

OS-Dec-Si 

2.3 

0.15 

0.21 

0.00 

0.72 

0.03 

0.55 

1.01 

1.07 

06-Dec-B' 

2.A 

0.12 

0.21 

0.00 

0.68 

0.03 

0.48 

1.00 

1.03 

07-Dk-B^ 

2.0 

0.10 

0.21 

0.00 

0.79 

0.05 

0.60 

1.07 

1.14 

03-Dec-8< 

S.7 

0.00 

0.21 

0.00 

0.86 

0.00 

0.90 

1.12 

1.07 

09-Dk-8^ 

1.5 

0.00 

0.22 

0.00 

0.89 

0.00 

0.92 

1.09 

1.03 

10-Dec-8< 

J. 7 

0.36 

0.21 

0.00 

0.86 

0.00 

0.63 

1.05 

1.06 

n-Dec-B< 

1.6 

0.27 

0.20 

0.00 

0.B4 

0.00 

0.65 

0.93 

0.98 

12-Dec-8< 

1.9 

0.12 

0.21 

0.00 

0.82 

0.00 

0.69 

1.04 

1.06 

13-Dk-B^ 

2.0 

0.24 

0.21 

0.00    • 

0.80 

0.00 

0.71 

1.06 

1.05 

14-Dec-8^ 

2.1 

0.00 

0.21 

0.00 

0.80 

0.00 

0.53 

1.06 

1.05 

15-Dec-8< 

2.1 

0.00 

0.21 

0.00 

0.74 

0.00 

0.49 

1.07 

1.05 

16-Dec-6< 

1.8 

0,00 

0.23 

0.00 

0.87 

0.00 

0.64 

1.06 

1.11 

17-Dk-B< 

l.fc 

0.00 

0.22 

0.00 

0,82 

0.00 

0.62 

1.05 

1.09 

18-Dec-8^ 

1.7 

0.29 

0.22 

0.00 

0.79 

0.00 

0,71 

1.08 

1.08 

19-Dk-8< 

2.0 

0.00 

0.21 

0.00 

0.82 

0.00 

0.80 

1.06 

1.04 

20-Dec-8< 

1.9 

0.00 

0.21 

0.00 

0.81 

0.00 

0.86 

1.04 

0.98 

21-Dec-8< 

2.3 

0.00 

0.21 

0.00 

0.84 

0.00 

0.72 

1.01 

1.02 

22-Dec-84 

1.9 

0.00 

0.20 

0.00 

0.81 

0.00 

0.95 

1.07 

1.06 

23-DK-84 

2.0 

0.00 

0.21 

0.00 

0.83 

0.00 

0.91 

1.03 

1.09 

24-Dec-84 

2.0 

0.00 

0.21 

0.00 

0.81 

0.00 

0.82 

1.00 

1.09 

25-Dec-84 

0.01 

0.65 

26-Dec-84 

0.00 

0.21 

o.oo 

0.73 

1.06 

27-DK-84 

0.00 

0.21 

0.00 

0.88 

1.04 

28-DK-84 

0.00 

0.21 

0.00 

0.84 

1.07 

29-DK-84 

0.00 

0.21 

0.00 

0.84 

1.06 

30-Dec-84 

0.00 

0.22 

0.00 

0.83 

1.15 

31-DK-84 

0.00 

0.22 

0.00 

0.79 

0,00 

0.80 

1.13 

1.17 

CSX i tut 

2.4 

0.36 

0.23 

0.00 

0.89 

0.05 

0.95 

!.!5 

1.17 

§i  rri  (lus 

1.5 

0.00 

0.20 

0.00 

0.68 

0.00 

0.48 

0.95 

0.93 

fean 

2.0 

0.06 

0.21 

0.00 

0.81 

0.00 

0.72 

1.06 

1.06 

tdata 

24 

30 

30 

30 

30 

26 

26 

3o 

25 

sten  riev 

0.3 

O.IO 

0.0! 

0.00 

0.05 

0.01 

0.13 

0.04 

0.04 

Sources 


Cheticil  dosEE 

CI 2  Residual  -  plant 


)      Hater  Jiorks  Purification  Plant  Monthly  F.eport 


C12  Residuals  -  lab  )      Daily  laboratory  data  sheets 

Fluoride  Residual  -  lab      ) 


NINISTRl 

of  the  EKVIRONhEKT 

TRIHftLOMETHftNE  ANftlYSIS 

CHC13 

CHBrC12       CIClBr2 

TOTAL 
THH 

02/M/85 

riN 

- 

- 

- 

treated 

21 

14              5 

40 

treated 

17 

10              4 

31 

distribution 

15 

11              4 

30 

07/05/85 

nu 

- 

- 

- 

treated 

26 

13              5 

44 

treated 

23 

10              5 

38 

distribution 

18 

11              5 

34 

09/07/85 

rait 

2 

2 

treated 

21 

11              4 

36 

treated 

18 

7              2 

27 

distribution 

16 

8              3 

27 

07/08/85 

raN 

- 

- 

- 

treated 

19 

11               4 

35 

treated 

9 

9              4 

2 

distribution 

18 

10             5 

S3 

10/09/85 

ran 

- 

- 

- 

treated 

27 

19             5 

51 

treated 

26 

13              3 

42 

distribution 

17 

11              4 

32 

01/10/85 

ran 

- 

- 

- 

treated 

6 

5              1 

12 

treated 

5 

6              1 

12 

distribution 

5 

5              1 

11 

05/11/85 

ra« 

- 

- 

- 

treated 

6 

7             3 

16 

treated 

4 

5             2 

11 

distribution 

5 

7              4 

16 

04/02/Bi 

ra» 

- 

- 

- 

treated 

8 

5              -3 

'16 

treated 

11 

8              4 

23 

distribution 

9 

7              4 

20 

03/03/8i 

ran 

- 

- 

- 

treated 

8 

6              3 

17 

treated 

5 

3              2 

10 

distribution 

9 

7              4 

20 

01/04/86 

rm 

- 

-   . 

- 

treated 

11 

7              4 

22 

treated 

8 

4              3 

15 

distribution 

10 

7              4 

21 

08/05/86 

ran 

- 

- 

- 

treated 

10 

7              4 

22 

treated 

10 

5              2 

17 

distribution 

12 

8              4 

24 

09/07/86 

ran 

- 

- 

- 

treated 

13 

9              5 

27 

treated 

14 

9              5 

28 

distribution 

4 

4              2 

10 

NOTES;      CRCn      -  D1L0R0F0RN  THN  -  TRIHALO«ETHAHES 

CHBr[12  -  BROMCCHLORONETHftKE  "-'  -  not  detected 

CHC1BR2  -  CHLQRODIEiRONOMETHftNE 

all  units:  nq/L 

ONTARIO  BRINKINE  NATES  OBJECTIVE:  350  uo/L  TOTAL  TRIHALQKETHANES 


Table  4.0 

THE  REGIONfiL  KUNICIPfiLITY  OF  HWtlLTON-HENTMRTH  HATER  TREATHEKT  aftBT 


BINISTRY  o« 

the  ENVIRONMENT 

TRIHALONETHftNE  ANALYSIS 

CHC13 

CHBrC12 

CHC18r2 

TOTAU 

n/Ol/84 
raN 

THM 

- 

- 

- 

•  treated 

4 

6 

- 

10 

treated 

2 

1 

- 

3 

distribution 

5 

7 

- 

12 

O7/02/B4 

raw 

- 

- 

- 

treated 

10 

9 

- 

19 

treated 

t 

•6 

4 

\b 

0&/03/84 

ran 

- 

- 

- 

treated 

11 

10 

5 

2b 

treated 

9 

7 

4 

20 

distribution 

11 

10 

5 

2& 

04/04/84 

ran 

-■ 

- 

- 

treated 

13 

11 

5 

29 

treated 

7 

7 

4 

18 

distribution 

9 

8 

4 

21 

01/05/84 

raM 

15 

11 

8 

34 

treated 

11 

10 

- 

21 

treated 

8 

b 

- 

14 

distribution 

12 

11 

- 

23 

10/07/84 

ran 

27 

13 

4 

treated 

11 

7 

- 

treated 

6 

4 

- 

distribution 

9 

7 

- 

07/08/84 

raN 

43 

1& 

4 

63 

treated 

22 

8 

- 

30 

treated 

8 

5 

- 

13 

distribution 

11 

8 

- 

.  19 

02/10/84 

ran 

- 

- 

- 

treate* 

14 

11 

4 

29 

treated 

14 

8 

4 

2i 

distribution 

13 

11 

4 

28 

06/ 11/84 

rati 

- 

- 

- 

- 

treated 

18 

11 

5 

34 

treated 

15 

8 

4 

27 

distribution 

17 

11 

5 

33 

08/01/85 

ran 

- 

•-■ 

- 

- 

treated 

9 

9 

4 

22 

treated 

9 

7 

3 

19 

distribution 

18 

15 

b 

39 

05/03/85 

raN 

- 

- 

- 

- 

Ofc/03/85 

treated 

13 

9 

3 

25 

treated 

11 

b 

2 

19 

distribution 

U 

9 

4 

24 

NOTES:   CHC13   -  CHLOROFORN 

CHEtrCL2  -  PfiOHOCHLORONETHANE 
CHC1BR2  -  CHLORODlBROMOHETHftNE 


TH«  -  TRIHALO«£tHANES 
•-■  -  not  detected 


all  units:  uo/L 
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THE  RESIONW.  NUWCIPflLlTY  OF  HANILTOH-KHTWRTH  tWTER  TRE«TI1ENT  HftMT 

SUHHARY  OF 
REGIONAL  LABORATORY  HATER  ANALYSIS  DATA 


APRIL  1984 

tiniMi 

■ein 

tdit) 

Stan  dev 
JULY  1984 

Mtitui 

liaiiui 

■em 

tdita 

stiA  dev 
DECEHBER  1984 

UliMl 

•initui 

Man 

tdata 

Stan  dev 


RAW  HATER 

IIKtiffHffliHHttHHHttHtllilHfHIIHHttt 

NHJ   pH   ALK  TOTAL  CI-  F-   TURB  TURB 
HARD.  UN 

(19/L  as 

(ig/L)      CaC03)   (iq/L)  (tq/L)  (FTU)  (FTU) 


0.13 
0.01 
O.OS 
30 
0.03 


7.45 
&.70 
7.35 
30 
0.26 


0.05  7.50 

0.01  7.10 

0.02  7.30 

31  31 

0.01  0.11 

0.05  7.43 

0.01  7.15 

0.03  7.30 

26  25 

0.01  0.07 


141 
135 
138 
30 
2 

144 
125 
136 
31 


29.1 

25.5 

27.4 

30 

1.1 


0.27 
0.12 
0.19 
.30 
0.03 


18.0 
1.3 
3.8 

30 
3.7 


13.5 
1.9 
4.8 
30 
2.5 


29.0  0.27  2.5  3.0 

25.5  0.17  1.3  1.8 

27.6  0.21  1.8  2.3 
31  31  31  31 

4   0.9  0.02  0.3  0.3 


99  152  26.8  0.27  20.0  16.5 

91  131  25.0  0.14  0.8  1.5 

94  135  2S.7  0.21  3.5  4.4 

25  25  25  25  24  26 

2  4  0.5  0.03  4.9  4.1 


TREATED  MATER 

t(ti4HMHIfHil»fHHtfl«liltHttHf<Hltffi( 

C12    TURB«    F-   pH   ALK     HH3 
<ree  total 

(■9/L  as 
(tg/L)    (FTU)  (ig/LI     CaC03)    (19/L) 


0.20 
0.00 
0.01 
30 
0.04 


0.83 
0.53 
0.71 
30 
0.07 


0.70 
0.24 
0.39 
JO 
0.12 


1.12 
0.97 
1.04 
30 
0.03 


7.40 
6.05 
6.81 
30 
0.23 


0.00  0.85  0.69  1.07  7.03 

0.00  0.58  0.35  0.88  6.75 

0.00  0.74  0.51  0.99  6.86 

31  31  31  31  31 

0.00  0.07  0.10  0.05  0.06 


0.05  0.95  0.39  1.17  6.93  88 

0.00  0.48  0.13  0.98  6.58  83 

.00  Oi72  0.27  1.06  6.76  85 

26  26  25  25  25  25 

0.01  0.13  0.06  0.04  0.09  1 


0.19 
0.06 
0.12 
30 
0.03 

0.15 
0.06 
0.11 
31 
0.02 

0.17 
0.03 
0.10 
26 
0.04 


APRIL  1985 

MI  i  tut 

liniwit 

Man 

Uata 

ttan  dev 
JULY  1985 

uiiiui 

•initui 

tean 

tdata 

stan  dev 
DECEHBER  1985 

utiiui 

tinitut 

Kan 

Idata 

Stan  dev 


0.26 
0.01 
0.04 
27 
0.05 


7.82 
7.45 
7.56 
27 
0.11 


26.7 
24.2 
25.7 
27 
0.6 


0.34 
0.15 
0.21 
27 
0.04 


33.0 
0.7 
4.1 
27 
6.0 


0.05  7.95  97  136  .27.5  0.26  3.8 

0.01  7.45  93  124  24,0  0.08  1.2 

0.02  7.71  95  129  25.1  0.18  2.6 

31  31  31  31  31  31  31 

0.01  0.13  1  3  0.8  0.04  0.8 

0.06  7.85  102  126  27.5  0.24  2.2 

0.01  7.10  95  122  23.0  0.15  0.5 

0.02  7.63  99  125  24.0  0.19  0.9 

24  24  24  24  24  24  22 

0.0!  0.21  2  1  0.9  0.02  0.4 


0.00 
0.00 
0.00 
27 
0.00 


0.84 
0.52 
0.72 
26 
0.09 


0.90 
0.20 
0.36 
27 
0.13 


1.13 
0.95 
i.04 
27 
0.05 


7.28 
6.93 
7.14 
27 
0.08 


0.02  1.03  0.51  1.60  7,45  93 

0.00  0.59  0.20  0.86  7.10  87 

,00  0.80  0,54  1.02  7.28  90 

31  31  29  31  31  31 

0.01  0.11  0.09  0.14  0.08  1 

0.47  0.90  0.78  1.08  7.70  96 

0.00  0.60  0.13  0.89  7.10  90 

0.02  0.78  0.25  0.99  7.41  93 

24  24  24  24  24  24 

0.09  0.08  0.13  0.04  0.20  2 


0.19 
0.06 
0.11 
27 
0,03 

0,19 
0,13 
0,16 
31 
0,02 

0,18 
0,02 
0,12 
24 
0,04 


APRIL  1986 
uiitui 

(iniMt 
'  Man 

tdata 

Stan  dev 
JULY  1986 

taiiiui 

■initui 

lean 

tdata 

Stan  dev 
DECENBER  1986 

■axiiui 

tiniiu* 

■ean 

Idata 

Stan  dev 


0,23  8,03  102  150  32.5  0,26  2.4 

0.01  7.40  98  124  23.0  0.14  0.6 

0.05  7.77  100  130  25.8  0.19  1.0 

26  26  26  26  26  26  26 

0.04  0.16  1  6  1.6  0.03  0.3 

0.07  7.90  99  137  25.0  .0.^7  1.9 

0.01  7.35  87  130  23.0  0.02  O.I 

0.03  7,70  94  133  24.2  0,18  1,1 

3!  31  31  31  31  31  31 

0.02  0.17  2  2  0.6  0.06  0.4 


0.06  7,88  133 

0.01  7,60  92 

0.03  7,74  97 

19  19  19 

0.02  0,09  9 


138  26.0  0,22  9.3 

128  22.5  0.14  0.8 

133  24.0  0.18  3.4 

19  19  19  19 

3  0.8  0.02  2.6 


0.01  0.88  0.50  1.04  7.65  96 

0.00  0.44  0.18  0.18  7.30  90 

.00  0.74  0.32  0.86  7.50  93 

26  26  26  26  26  26 

.00  0,09  0.08  0.27  0.09  2 

0.09  0.78  0.7B  1.15  7.60  99 

0.00  0.26  0.24  0.31  7.20  85 

.00  0.58  0.46  1.00  7.4t  90 

31  31  31  26  31  31 

0.02  0.14  0.14  0.15  0.10  2 

0.08  0.96  1.27  1.02  7.49  93 

O.Ofl  0.54  0.22  0.86  7.10  88 

.00  0.78  0.47  0.95  7.33  91 

20  20  20  20  20  20 

0.02  0.10  0,30  0.04  0.10  1 


0.16 
0.07 
0.12 
26 
0.02 

1.10 
0.03 
0.16 
31 
0.19 

1.00 
0.06 
0.16 
20 
0.21 


NOTE;    TURB  NN  =  TURBIDITY  KEASURED  AT  THE  HATER  PLANT 
TURB  -   TURBIDITY  HEASURED  AT  THE  LAB, 
TURB»   =  TURBIDITY  MEASURED  AT  PLANT  IN  1984,  AT  LAB  IN  1985  t  1986. 


o      o      o 


o       o       o 


f^.        (n        <u 

»H  W  CJ 


O)         T         04 


<M       in       a: 


-<       <\i       -< 


-<       oj       — 


CI        o        s£ 


o      o      o 


o      a      o 


cj      o      o 


<n      <M      •-■ 


(n      •<      <n 
in      u>      <NJ 


,T>      <T<      r. 

(*7         CJ         <M 


in      »<      ^ 
<\i      in      oj 


(M        00        <M 

in      r-      <n 


T-      in      m 


<r>      <M      in 


<s      r-      0} 


<ii      ff>      in 


t-       It       o 


o      o      a 


o      o      r- 


o      o      o 


^      in      <M 


o      a      o 


o      -■      o» 


■M    o 
u   1. 


m        •-'        <M 


T        O        U> 


-<      o      rn 
fM      T      (n 


(n      r-      <r 


in      ^      a> 


w      <n      <\i 


00       T-       o 
in      oi      in 


^      1^-      <\i 
m      r-      Cii 


00      ^-      ^ 

<D         C'         J> 


a      o      o 


o      a      o 


a      o      o 


o      in      \D 


in      CJ      m 


in      o      •^ 


^^  »  wi  n 


CJ      T      (n 

M         liT         |10 


05        O^        CJ 

iiT  m 


OJ        OJ         ^ 


m      o      «:> 


T      o      <^ 


00      r-      c 


T         vO         CJ 


/n        03        CJ 

<p      o      i>- 


r.  :!• 

-^  u 

c  w-  o 

3  o  v 

O  4 

U    \.  E 

«  t. 

»  ^  '.i 

■»<    E  <► 

ore 

^    C    O 


>-.  3-  LlI 

a:  _i  u 

ii>  0.  :^  ui 

CO  oc  T  o 


>-<       3-       UJ 


a:      -J      u 

ma.      z>      UJ 
00  (C      T      Q 


w 


Q 

LU 

O  -P 
X    d) 

uj  e 
ai  Ai 

U    Ol 

UJ  -u 


UI  j: 

I-  -u 
cr  -" 
3  m 

0) 

o  X 


•>- 

J3 

m 

<B 

_1 

^r\,    y^    /->» 

1/1 

a  a  Q. 

■— 1 

Ul  1/1  LO 

in 

fl) 

3  3  3 

> 

C 

o  a  Q 

_i 

0 

^w'     ^^     ^^ 

a: 

■  r* 

z 

Ol 

UJ  UI  UI 

c 

Ol 

Q  a  a 

o: 

2:  s  z: 

_I  _l  -I 
\  \  \ 

01  a>  01 


o  a  o 
odd 


3 
1- 

2^ 

\  \  \ 

01  cr>  ij> 
e  e  e 

(M 

a  0  a 
CT)  a>  '-i 

«      o  o  o 


e  e  e 

D  :3  D 
c  c  c 


D      —  —  -:< 


^D 

\D  \JD  CD 

iJJ 

Ol) 

0^ 

cr> 

ON 

.— t 

■^ 

-^ 

^ 

„ 

'* 

(M  CD  OJ 

rj 

> 

q: 

o:  oc  u 

cc 

UJ  CD 

z)  m 

^ 

QC 

a 

UJ 

CD  (- 

3- 

UI 

a 

0 

u. 

0 

z 

1) 

T3  *l  _1 


T3  ■ 

■"  Ol 

i3  L 

L  0 

3  -iJ 

L 
Jl  0 
^  J3 
C  *I 
O  _l 


>  o 

0)  a. 


61  31 

3  13 
Ol 

C    3 


L 

0  n! 

C  --I 

o  in 
-o  cr 
-iJ  '^ 

(B  III 
-I    U 

a,  -^ 
L  01 

1  0 


o 


Ol 


\ 


3  cn 

O    UI 

CL  oi  a 

a,  ^  ^ 

L  a  ■ 

€  o 

T3    'D  A 
C    W 

<D  "D 

I.  4 

03  -U    -^ 

o"i  nj  <n 
-■  3  -p 

c 

C  ID    O 
•rt    fl)    O 

CL    iT)    UI 

(.n  (2)  Ol 

3    i.  -< 

a  -n  Q. 

0  "<   w 

-p  (A  in 

L    i. 

fi    Ol    <i! 
Q.-tJ  X 

Ol  -u 
UI    £ 
ID    <5  «4- 

L    O 

U)  <u 

01  a-p 
-^       3 

clt}  0 

£    Ol 

w  ■;> 

<4-     Ol       • 

OLE 

I     3 

W  X    C 

-iJ  +1  --H 

0)  ^  e 
UI  <B  3 


31  a  c 

TI    C  — 

0)  T)  a 

a  a  >: 
z  X 


Of 


Ol 


APPENDIX  B 
JAR  TESTING  RESULTS 


JAR  TESTING  RESULTS 

Jar  tests  to  evaluate  2  primary  coagulants  and  three  flocculate  aids  were  performed  at 
the  water  plant  on  Febnjary  26, 1 988.  The  test  were  set  up  and  run  in  the  Low  Lift  station 
to  eliminate  transportation  and  aging  of  the  water  samples. 

METHOD 

The  procedure  followed  for  the  jar  tests  was  as  follows: 

1.  Measure  and  pour  1000  ml  raw  water  samples  Into  the  rectangular  baffled  jars. 

2.  Mix  slowly  while  adding  chlorine  equal  to  the  plant  pre-chlorine  dose. 

3.  Increase  paddle  speed  to  1 00  RPM  and  add  coagulant  If  using  a  fiocculation  aid 
reduce  air  speed  to  80  RPM  while  adding,  then  retum  speed  to  100  RPM. 

4.  Flash  mix  at  100  RPM  for  2  minutes. 

5.  Reduce  speed  to  30  RPM  for  20  minutes,  then  reduce  to  20  RPM  for  5  minutes. 
Observe  floe  formation. 

6.  Allow  to  settle  for  30  minute  and  observe. 

7.  Decant  supernatant  and  measure  turbidity  and  pH. 

8.  RIter  remaining  supematant  through  a  Whatman  41  filter.  Measure  turbidity  and 
pH  of  the  filtrate  on  site.  Retum  filtrate  samples  to  the  laboratory  for  aluminum 
analysis. 


RESULTS 


The  following  are  the  results  of  these  jar  tests: 

JAR  TEST  RESULTS 
26  February  1988 


RAH  MATER: 


Turbidity  0.60  NTU 

pH  7.9 

Teeperature  3.8  C 

Aluiinut  0.02  ig/L 


Pre-chlorinc  dose;        1.4  tg/L 


Test  II 


Saaple 

Cheiical 

Dose 

.Observations 

Supernatant 

Filtrate 

(«g/L) 

Floe 

Settling 

Turb. 
(NTU) 

pH 

Turb. 
(NTU) 

pH 

AI. 
(■g/L) 

l-l 

Alui 

0 

0.58 

7.90 

0.34 

7.90 

0.02 

1-2 

Alui 

2 

no  U 

DC  visible 

0.41 

7.70 

0.30 

7.80 

0.28 

1-3 

Alua 

5 

very 

fine  Hoc  after  10  lin. 

hard  to  see 

0.46 

7.75 

0.26 

7.60 

0.42 

1-4 

Alui 

10 

SMll 

floe  after  10  tin. 

■Oder ate 

0.38 

7.52 

0.23 

7.25 

0.37 

1-5 

Alui 

15 

stall 

floe  after  5  lin. 

faster 

0.30 

7.45 

0.34 

7.40 

0.56 

1-6 

Alut 

20 

saall 

floe  after  5  lin. 

faster 

0.60 

7.30 

0.26 

7.49 

0.48 

Test  12 


Saiple 

Cheiical     Dose 

Observations 

(tg/L) 

Floe 

2-1 

PAC 

0.0 

2-2 

PAC 

0.2 

2-3 

PAC 

0.4 

(no  visible  floe  in  any  sai; 

2-4 

PAC 

0.6 

2-5 

PAC 

0.8 

2-6 

PAC 

1.0 

Test  13 

Satple 

Cheiical 

Dose 

Observations 

(tg/L) 

Floe 

3-1 

Alui 

5 

fine  floe  after  5  tin. 

'  Chargepac  8 

0.5 

3-2 

Alui 

5 

stall  floe  after  5  tin. 

Percol  24 

0.5 

3-3 

Alui 

5 

stall  floe  after  5  tin. 

Alchei  8103 

0.5 

3-4 

PAC 

1 

Chargepac  8 

0.5 

3-5 

PAC 

I 

(  no  visible  floe 

Percol  24 

0.5 

3-6 

PAC 

I 

Alche*  8103 

0.5 

Settling 


Settling 


(  saie 

(  as 

(  H/O 

(  polyaer 
( 


Supernatant 

Filtrate 

Turb. 

pH 

Turb. 

pH 

Al. 

(NTU) 

(NTU) 

(tg/L) 

0.56 

7.9 

0.32 

7.75 

0.03 

0.54 

8.0 

0.33 

7.90 

0.06 

0.58 

8.0 

0.35 

7.90 

0.08 

0.60 

B.l 

0.33 

7.90 

0.07 

0.61 

7.8 

<).32 

8.10 

O.ll 

0.53 

8.1 

0.33 

8.00 

0.15 

Superna 

Turb. 

(NTU) 

tant 
pH 

Turb. 
(NTU) 

Filtrate 
pH 

Al. 
(tg/L) 

0.42 

7.75 

0.27 

8.00 

0.47 

0.40 

7.50 

0.17 

7.90 

0.40 

0.42 

7.70 

0.2J 

7.70 

0.34 

0.50 

7.45 

0.33 

7.50 

0.10 

0.48 

7.60 

0.25 

7.60 

0.09 

0.70 

7.70 

0.31 

7.55 

0.09 

RESULTS 


The  following  are  the  results  of  these  jar  tests: 

JAR  TEST  RESULTS 
26  February  1988 


RAN  MATER: 


Turbidity  O.iO  HTU 

pH  7.9 

Tenperature  3.8  C 

Alaiinui  0.02  tg/L 


Pre-chlorine  dose: 

Test  11 

Cbetical 

Saaple 

Dose 

(i^/L) 

I-l 

Alui 

0 

1-2 

Aliu 

2 

1-3 

Alui 

5 

M 

Alua 

10 

1-5 

Alui 

15 

1-6 

Alui 

20 

1.4  ig/L 


Floe 


.Observation  J 


no  floe  visible 
very  fine  floe  after  10  lio. 
siall  floe  after  10  lin. 
siall  floe  after  5  lin. 
siall  floe  after  S  lin. 


Settling 


bard  to  see 
■oderate 
faster 
faster 


Supernatant 
Turb.  pH 
(NTU) 


0.58 
0.41 
0.46 
0.38 
0.30 


7.90 
7.70 
7.75 
7.52 
7.45 


Filtrate 
Tarb.    pH 
(NTU) 


0.34 
0.30 
0.26 
0.23 
0.34 


0.60   7.30   0.26 


7.90 
7.80 
7.60 
7.25 
7.40 
7.49 


Al. 
(ig/L) 

0.02 
0.28 
0.42 
0.37 
0.56 
0.48 


Test  12 


Saiple 

Cheiical      1 

>ose 

Observations 

Supernatant 

Filtrate 

(ig/L) 

Floe 

Settl 

ng 

Turb. 

pH 

Turb. 

pK 

Al. 

(HTU) 

(NTU) 

(ig/L) 

2-1 

PAC 

0.0 

0.56 

7.9 

0.32 

7,75 

0.03 

2-2 

PAC 

0.2 

0.54 

8.0 

0.33 

7.90 

0.06 

2-3 

PAC 

0.4 

(no  visible  floe  in  any  saiple 

0.58 

8.0 

0.35 

7.90 

0.08 

2-4 

PAC 

0.6 

0.60 

8.1 

0.33 

7.90 

0.07 

2-5 

PAC 

0.8 

0.61 

7.8 

0.32 

8.10 

0.11 

2-6 

PAC 

1.0 

0.53 

8.1 

0.33 

8.00 

0.15 

Test  13 

Ctietical 

Dose 

Observations 

Supernatant 

Filtrate 

Satple 

(ig/U 

Floe 

Settl] 

ng 

Turb. 
(KTU) 

pH 

Turb. 
(HTU) 

pH 

Al. 
(ig/L) 

3-1 

Alui 
■  Chargepac  8 

5 
0.5 

fine  flQC  after  5  ijn. 

saie 
as 

0.42 

7.75 

0.27 

8.00 

0.47 

3-2 

Alui 
Percol  24 

c 

0.5 

siall  floe  after  5  ain. 

M/O 

polyiE 

r 

0.40 

7.50 

0.17 

7.90 

0.40 

3-3 

Alui 
Alehei  8103 

C 
J 

0.5 

siall  floe  after  5  lin. 

0.42 

7.70 

0.23 

7.70 

0.34 

3-4 

PAC 
Chargepac  8 

1 
0.5 

0.50 

7.45 

0.33 

7.50 

0.10 

3-5 

PAC 
Percol  24 

1 
0.5 

(  no  visible  floe 

0.48 

.7.60 

0.25 

7.60 

0.09 

3-6 

PAC 
Alchei  8103 

1 
0.5 

0.70 

7.70 

0.3] 

7.55 

0.09 

CONCLUSIONS 

Slightly  lower  filtered  water  turbidity  levels  were  obtained  using  alum  (as  compared 
to  PAG),  but  the  aluminum  concentration  in  the  alum  samples  were  higher.  The  PAG 
did  not  form  any  visible  floe.  The  best  result  obtained  in  terms  of  filtrate  turbidity  was 
with  5  mg/L  alum  and  0.5  mg/L  Percol  LT  24,  but  the  aluminum  content  of  this 
sample  was  quite  high. 

It  should  be  noted  that  these  tests  do  not  reproduce  plant  conditions  exactly.  The 
mixed  media  filter  in  the  plant  would  retain  smaller  particles  than  the  Whatman  41 
filter.  The  results  for  these  tests  could  be  used  for  comparative  and  qualitative 
purposes,  and  as  a  starting  point  for  full-scale  tests. 
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APPENDIX  D 
PLANT  WASTE  STUDY 


PLANT  WASTE  STUDY 

TERMS  OF  REFERENCE 

A  Plant  Waste  Study  was  required  as  part  of  the  Water  Plant  Optimization  Study. 
The  Terms  of  Reference  for  this  part  of  the  project  are: 

1 .  Document  the  origin,  amount  and  quality  of  sludge,  screenings,  etc.  produced 
at  the  water  treatment  plant. 

2.  Document  the  volume  and  quality  of  filter  backwash  produced  at  the  water 
treatment  plant.  Include  at  least  3  years  of  data,  If  available.  If  wastewater 
treatment  exists  at  the  plant  the  raw  and  treated  qualities  should  be 
documented. 

3.  Document  the  present  methods  of  disposal  of  the  water  plant  wastewaters. 

4.  Identify  likely  alternative  methods  of  treatment/disposal  of  wastewater  along 
with  associated  cost  estimates. 

BACKGROUND 

The  Hamilton-Wentworth  Water  Treatment  Plant  is  a  conventional  facility  utilizing 
coagulation,  sedimentation  and  filtration.  Figure  1  is  a  schematic  of  the  treatment 
processes.  It  is  a  large  plant,  treating  an  average  of  approximately  300,000  nf/6  and 
serving  a  population  of  385,000.  To  save  on  hydro  costs,  the  plant  operates  only  at 
night  Monday  to  Friday  and  24  hours  per  day  from  Friday  night  to  Monday  morning. 
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FIGURE  1  . 

Process    Block   Schematic 


The  plant  waste  is  from  three  sources.  The  current  disposal  systems  are  as  follows: 

Source  Disposal 

Screens  Discharge  to  Red  Hill  Creek 

Backwash  and  Discharged  to  sewer  for  treatment 

Sedimentation  Tank  Sludge  at  the  Sewage  Treatment  Plant 

An  extensive  study  of  the  plant  waste  was  conducted  in  1 979  by  James  F.  MacLaren 
Limited  ("Preliminary  design  of  a  Wastewater  Management  System  for  the  Hamilton 
Water  Purification  Plant')-  Prior  to  this  study  being  conducted  all  of  the  water  plant 
waste  was  discharged  to  Red  Hill  Creek  which  flows  into  the  Hamilton  Harbour.  The 
MacLaren  study  recommended  that  a  sewer  be  constructed  to  carry  backwash  water 
and  sedimentation  sludge  to  the  Woodward  Avenue  S.T.P.  located  next  door  to  the 
water  plant  This  recommendation  was  carried  out 

CURRENT  CONDITIONS 

The  average  daily  volume  of  backwash  wastewater  produced  over  the  years  1 984 
to  1985  was  5265  m^  A  change  in  the  operation  of  the  water  plant,  the  lengthening 
of  the  filter  runs  form  36  to  72  hours,  has  reduced  the  volume  of  backwash  water. 
The  mean  daily  volume  in  1 986  was  3055  m^/d,  a  reduction  of  42%. 

A  study  of  the  suspended  solids  content  of  the  backwash  water  was  conducted  in 
January-February,  1 988.  Grab  samples  of  the  wastewater  were  taken  four  times 
during  backwash  cycles.  The  four  samples  were  mixed  to  form  a  composite  for  the 
suspended  solids  analysis.  The  mean  suspended  solids  content  was  520  mg/L 

Although  the  suspended  solids  content  of  the  backwash  water  is  high.  It  does  not 
appear  to  cause  any  problems  at  the  sewage  treatment  plant  The  average  daily 
flow  at  the  Woodward  Avenue  S.T.P.  for  1984  to  1986  was  313,000  m^d. 


Thus,  the  backwash  water  is  less  than  1  %  of  the  daily  flow.  As  well,  backwashes  are 
usually  only  done  at  night  and  on  weekends  which  would  not  coincide  with  peak 
flows  to  the  sewage  plant 

The  sedimentation  tanks  are  cleaned  approximately  every  3  months  when  3  to  5  cm 
of  sludge  has  accumulated.  Only  one  basin  is  cleaned  at  a  time,  leaving  3  in 
operation.  Approximately  4  m  of  settled  water  from  the  top  of  the  tank  is  discharged 
to  Red  Hill  Creek  and  the  remaining  water  and  sludge  is  sent  to  the  sewage 
treatment  plant  The  sludge  is  flushed  with  high  pressure  hoses. 

The  suspended  solids  in  a  sample  of  settled  water  were  also  measured  during  the 
1988  study  with  the  following  results: 

Mean  3.5  mg/L 

Range  0.4-12.6  mg/L 

These  results  are  below  the  MOE  objective  for  suspended  solids  in  effluent  (15 
mg/L). 

The  volume  of  the  sludge  discharged  during  cleaning  is  not  measured.  The  1979 
MacLaren  study  found  the  average  volume  of  sludge  and  cleaning  water  fomi  one 
tank  was  1240  m^  The  sewage  treatment  plant  does  not  report  any  operational 
problems  caused  by  the  alum  sludge. 

There  is  no  qualitative  information  available  on  the  screening  waste  from  the  Low  Lift 
station. 


CONCLUSIONS 

The  current  waste  disposal  system  for  backwash  water  and  sediment  in  tank  sludge 
is  operating  effectively  and  without  problems.  A  review  of  the  screenings  disposal 
system  may  be  necessary  if  the  MOE  expresses  concern  with  the  current  practice 
of  discharging  the  waste  to  the  creek. 


